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The present, invention rs.l atas to gl ycosy latsd 
5 lent In compositions and related rrert hods . Included are 
glycosylated ieptin proteins having a Stokes* radius 

U-lQ f OI b > > e ~* T., S 

" c ^ v 1 ft ' ■> 'w v "C he to — K <, ( 

10 related host: ceils, vectors, processes for production., 
and methods of use cf such compositions. Novel methods 
of producing glycosylated proteins are also provided. 
Background 

Although the molecular basis for obesity is 
15 largely unknown, the identification of the "On gene" 
and protein encoded { "OB protein," else referred to 
herein as -"leptin*'; has shed some light on mechanisms 
the body uses to regulate body fat deposition, Zhang 
et a!., Nature 372 t 425-432 (1994) incorporated herein 
20 : : c. - 'i,> ; > <■ v 0.:t ; x r kku ji « " ; . 

47 9 '1995; also incorporated herein by reference. The 
OB protein is active in ynlvo in both ob/oh mutant mice 
kits, -e obese due to a defect in the prod cot ion of the OB 
gene product) as well as in normal, wild type mice. 
25 The biological activity manifests itself in, among 

"Obese" Protein Slims Mice,. Science 269 ; 47 5-476 
{199&) Sj POT Int s st Dual Pub 1 c Nuusbex 
WO96/05309, "Modulators of Body Weight, Corresponding 
30 Nucleic Acids end Proteins, end Diagnostic and 

Therapeutic dsns Thereof . !! herein incorporated by 
reference in its entirety. See also, PCT International 
Pnblicatiot ' doers W09? JOS32 wo*} 7 .'06816, W097/1S833 



and are ail ;;ersin incorporated by reference in their 

The other biological effects of OB protein 
* " " - -• a; 
al., Nature 395: 763-770 (October 1:998; for a review of 

atioj bod> ight v 
herein incorporated by reference. It. is known., for 
iu instance, chat in ob/ob re; tact race, edcanr5trati.ee of 
OB protein results in a decrease in scree insulin 
levels, and corner glucose levels. it is also known 
c: ction oi >B pj > esuj deer 

in body fat. rhi was obs&x -o i b \ 

IS- Mce, as well as non-obese normal mice, Pelleymoenter 
et al , . Science 269: 540-543 (1995) ? Ralaaa et ad.. 
Science 26 3: 543-546 (19953, See also. Camp field et 
al., Science 26;$: 546-549 H.995} (Peripheral and 
ca trc aeln n or i on >i mi to r< loses o 
20 reduced food intake and body weight of ob/ob and 

diet - induced obese mice but net in db/db obese ru cs . ■ 
In none of these reports have toxicities been observed, 
even at the highest doses. 

Recombinant leptin is effective in humans to 
25 result in weight loss. Greenberg AC . devest i aid SB, 
Fuj iofca \ et al . . Preliminary safety and efficacy of 
recombinant methionyl human leptin (rL) administered by 
SC injection in lean and obese subjects . Poster 

30 1 * *• v O ♦ * - J s , j j un .yd, 

1998; Chicago, II. , herein incorporated by reference . 
As ceo beer dciucns traced, adciuistration of recombinant 
methionyl human leptin to obese humans has resulted in 
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^eigho and body vc positi n chat s Lean mi h ;se 

5 leptin. Poster presented at: Interactional Congress on 
Obesity; August 29 - September 3, 19S8; Paris, France, 
heroin incorporated by reference , 

Native human repel r la known to have a 
reratou/eiy last hair lire in damans, ban et. ai.,. 

.a) \ <•> x. v. „ - : — a >?v3 

and Che effect of antibody formation in lean ana obese 
suhjects fallowing subcutaneous hoe inn . Poster 
presented at: International Congress on Obesity; August, 
ihb- September 3, 1998, Paris t Prance, herein 

15 incorporated by reference, in the systemic 

circulation, accumulation may be accomplished either by 
givioe larger doses or mors frequent doses of the 
subject protein. Reports radicate that exogenous,, as 
as endogenous leptin is eremrtrl frorr the 

2D circulation, least a part, by t _ e 
*±S eurt&ft &t a Html of Endo 

585 {1997} and Cumin et alb, Internal Journal of 
Obesity 21; 495-5G4 {199?;, both herein iueorporared by 
reference . 

25 In general, the blooey functions to clear the 

blood a; a sos. of certain subetanoe.s by concentrating 
them in the urine. see, . e . , Harth, The Panel ion of 
the Kidneys, in; Human Physiology, Schmidt et al . , 
eds,, Springer -Veriag New Port, Heidelberg, Berlin, 

30 1983 at pp. 610-642, herein incorporated by reference. 
The rate or degree to. which a serum protein may pass 
ti - the kid; ex a 

general, toe kidney anatomy aliens for free passage of 
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:> v >•,_ v..^ .•• s-eae-. , _ „ <- - * x 

edi Hare >r; 1 pa 
ladri at pages 1831-1843, herein incorporated by 
rsiersnce. 

Leptin may be accumulated in the systemic 
10 circulation by couuinuoas; administration, such as by 
osmotic pump or by chemically derivar. icing the protein 
so that the circulation time is increased, dee, 
PCT W096/-1 09 1 2 . published December 19, 1996 and herein 
incorporated by reference in its entirety. Chemical 
15 derivatization of: a recombinantly -produced protein 
generally requires, however, a two {or mores step 
process: step one, sake the protein; step two, add a 
chemical, moiety (such as a polyethylene glycol, or 
aextran moiety) , see, e.g . , POT WGS 6/40912, supra , at 
20 P B 2 seq . ten in; : pin- on oi v to: calls 
deriva tiding leptin {therein reierred to as OB 
Protein} . 

For a "one step" process, in a rococo! nam. 
DPS system, one may encode a £ us ion protein 
25 1 vu ely c .s t ric an 

additional polypeptide moiety is encoded along with th- 
desired protein, so that both are expressed. 

' " Polype] - s u s as the ho" per trios i 
3 0 antibody, or aibunin hare been used in this regard, 
uhf PCT 1,1 9 3/28^27, herein incorporated by 

reference, entitled,. "OB Fes; ion Protein Compositions 
and Methods," The general disadvantage in 



, t p . s 



manufacturing .is that :Uucuar expression products are 
sometimes more difficult to told into proper 
<. u i > and yields < bo towar then those for 

3 < 5 ° ct: cover < n 3 per 

5 Pose is increased, and the proportion of therapeutic 
protein is decreased, with the use of increasingly 
large sired fusion proteins. 

The presence of carbohydrate or a protein can 
1 ? rate and 

10 it: * ' while at the same time it can affect the 

protein's intrinsic aruivir.y, solubility, stability and 
.ho:: : roner. x ot tv. See, e.g. , European Patent 
Publication 0 640 619, published March I, 1995, 
I ~ ' x ^ N ^ -> cna «o 
IS * ^viatic tes," hexu .c ; fere 

- s N patent , x cat an w< 96 5493 ui 
August 22, 1996, entitled, "MPL Ligand Analogs" both 
herein incorporated by reference. 

Furthermore, carbohydrate rosy be added by 
2 ® iKkixz - c , »5 >duct.io.n, withe ; e need fos a 
two -a top process, IPo , , PCT/Ug36/06609 , published 
November it, 1996, herein incorporated hy reference, 
proposes various mammalian signal sequences for 
° " < m : ob ace ©in Sroj t malU (at 

35 pages 11-12, for example) . See also, PC? PO 97/20913, 
published dune 12, 199?, entitled, "Mutational Variants 
of Mammalian OB Sane Proteins," particularly at page 
XI, which proposes OB protein glycosyiation 
altera "dons. Glycosyiation occurs at specific locations 
30 along the polypeptide backbone. There are usually two 
types of glycosyiation: 0- linked oligosaccharides are 
attached to serine or threonine residues while It- linked 
bar ides s t s , e res.ids 
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charge,, may coaler acidic properties to 
glycoprotein. The predominate form or run: orally 
occcrri.ee human ieptin (provided in human cells) is not 
glycosylated, a variant of the naturally occurring 
protein having a giucamina absent at position 28 or the 
mature protein ( SEQ ID NO. 2, infra) does contain too 
sites tor giycosylaiion. Tnese eir.es are both for 
0- linked glyeosy ) ation, 1 t is believed, however, that 
this corn, is produced in only trace amounts in humans., 
and <■■■ the pred; ru ac , fox • vo. 

It would be desirable to have a process, 
which results in a ieptin having an increased - r : , : 
circulation time, which does not require such second 
derivatisation step as described above, It is further 
desirable to increase the intrinsic activity, and 
solubility of Ieptin, without i e or increasing 
immunogenieity or other detrimental effects.. 



-thbiiLD-. ...9- " h 1 ^ v e n t: 1 o r; 

?h e p r « inve 
30 observation that, as comparer.; ton.naIte.red native 

v c ' , t.o. .v*' v. < m^ o -n _ ^ ^ - 
is functional, iya vivo, and, further, certain forms r 
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circulation times la vivo, without toxicities. 
It has been round, surprisingly and 
importantly , that. a glycosylated human lectin having a 
single d • irs-o-d glycosylation site nas yga yjytjos aa well 
as in v ~y.9 biological activity. Further, the 
.biological activity is equal to or is slightly more 
potent than - c - human native ieptin protein, As 

o-vci^o , \vs t vj o c e*--e ! v ^ -n- — , -> 

to be due., in part, by action in the brain. As 
indicated above, ieptin is not a naturally glycosylated, 
mplseuie (in the q<-28 form, s C V go. , xn£iuy which 
is believed to be the pred.orsd.nant form in human serum) . 
' r f » ;yc rsyla ed prou in 

generally may not enter the brain because ot as 

- - } iood - brs 
Demonstration of equal (or slightly better) biological 
activity by glycosylated ieptin demonstrates either 
that (a) the glycosylated ieptin enters the brain, or 
(b) if it doesn't, glycosylated ieptin is more 
biologically eft- active in the peripheral tissues don;:; 
as visceral areas of adipose tissue; than native 
recombinant human ieptin. 

It has further bean observed that a human 
Ieptin vhich is IP- glycosylated at three sites has a tar 
longer circulation time and potency than recombinant 
native human ieptin or ieptin tb glycosylated at a 
single site, As set forth in the working examples 
below, various two-, three- , soar-, and five- site 
glycosylated lectins have been prepared and tested t or 
Ac vit-.ro, and is some cases, is mi co activity. 

The present glycosylated ieptins may have a 
hasired re ctive-y lo \ asms ta t life. Tt psessr 
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glyeosyi a ted leptins which have Stokes' radius a f 

h; v a educed 5 of 
filterability through t he rmmrbranes , and thus a reduced 
rate or degradation in the kidney. 
5 hi though Stokes ■' radii rsay as determined la a 

variety of. ways , < preferred way herein is • o use gel 
filtration chromatography , Sea - N _ he Ma ire et. 
- a/ - v a a a i . " s < c , 

< „ s , e- o> , t ~ ; - > . a 
10 chromatography for determining the Stokes' radii of 
various raoreaa; for use as standards. Thus, the 
present glycoayiated leptins are those which have a 
Stoker' radii of about 30 A when determined using gei. 
£ Ll tration chromatography. 
i5 " 8 {.tot^ri* tha > ,o-o t -* - < - o 

xi Iso s jb ta« :ia iy avoid ... ne d - - 
liver. The liver is known, to have recap tar a which bind 
galactose. Galactose is a sugar and may be a component 
< irate anxiety o ? - , 

20 teg i 3 id vail tyi a 

galactose moiety, and prevent ita reectiv.ity with 
galactose receptors in the liver. Additionally, a 
sialic acid moiety imparts a negative charge. The more 
negatively charged the present glycosylated leptins 
35 are, the mors they will "repel" the negatively charged 
membranes of the liver and kidney. Therefore, the 
present glycosylated lectin, proteins are preferably 
those having at least a majority of the galactose 
~ - > ahi ling to nvtos 

30 receptor, and more preferably, having a sialic acid 
moiety located at least a majority of > aa sites 
av r i lab': e i or siaia t ion . 
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leptin oodified to cont.arn sites tor - - 

glycosyi .at ion at; one site or at three sites, 
demonstrated that glycosylated leptin protein could be 
S functional, and could bo as raootiocal as natural 

human,. Glycosyiation was accomplished via host cellular 
oact;j>asy ( in cell culture, and therefore did not 
require an antra process step (as required to 
derivative protein} to attain the desired 

10 characteristics of longer serum halt life.. 

Thus, in one aspect, the present invention 
s ~ a t e < > . - * o t , , . , - M 5 

Stokes' radius greater than that of naturally occurring 
glycosylated human leptin oi: SSO ID NO, 2 CrHu-Leptin 

15 re lev;. , m another aspect, the present invention 

relates to a glycosylated leptin protein having a 
Stokes* radius greaser than that of a glycosylated 
leptin protein having one K- linked a 
society. And, in yet another aspect, rue presenr 

20 invention relates to a glycosylated leptin protein 

having a Stokes' radius equal to or greaser than 3D A, 

The present invention also relates to leptin 
* oris a Leas ens kiitio I giyc; s\ 1 

25 site. In yet another way, the present invention relates 
to a glycosylated leptin protein having five or greater 
than five sialic acid rsoieries, The naturally occurring 
human leptin variant iSEQ. m m*. 2, helovh contains 2 
sites for O- linked g l.ycosy • ation, and therefore may 

30 contain 4 sialic acid societies. The present working 
examples demonstrate that more heavily glycosylated 
leptin protein has substantially improved circulation 
tires. Further, \te present invention roiar.es r.o a 



~ ~ r - m.n~ - - . ^ " , -n - _ 

relates to a nucleic acid encoding a glycosylated 
r iepti.n protein as set forth herein, as well as a vecti 

? i S K > N - 

leptin protein according to the disclosure herein. 

-^^ r h" N - , - ^ ^ 

invention relates to a host eel is con train x eg a -v-cieic 
10 acid encoding a glycosylated leptin protein according 
to the present disclosure. 

The present invention also relates to use of 
the present nucleic acids tor gene therapy. 
Further, the present invention relates to a method oh 
15 p> 5par.1t . gly osylated Leptin protein. 

The present invention si so relates to 
selective binding molecules , such as antibodies which 
selectively hind the present glycosylated leptin 
pro reins . 

20 in other aspects more fully described heloeg 

the present invention relates to a pharmaceutical 
compositions comprising a glycosylated leptin protein 
or the present invention in a pbarraaceeticaily 

-->*„<. rre-e ore: P so rein 

selected from among obesity, diabetes, and high blood 

a <• ^ + e^ , to . 
administering an effective amount of a glycosylated 
human leptin according to the present invention. 

30 
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demonstrate thai tor the present glycosylated lepcin 
proteins use of a signa.l peptide otto; than the ; ri.ive 
numan lectin signal peptide improve giyoosyiation 
efficiency, in this cass, improved yiycosylation 
eiticiency results in the desirable property ot both 
x roe: eased number and size of added carbohydrate chains. 
Thus, the present compositions and methods iooii.de the 
peptides ot h< n,o:i 
nor :.c par t Pre , ve > 

10 signal., particular signs! peptides, both those known to 
be natural iy found (i.e., oat urn 1 signal peptides are 
those which have not been genetically manipulated by 
humans, by any moans including homologous 
recombination, recombinant DHA techniques,, or other 
IB means known or expected to alter the nucleic acid 
sequence constituents, although the cell containing 
them may have been cultured or otherwise removed from 
its natural in vivo environment;, as well as chose not 
sound in nature (i ,e, , norm natural signal peptides are 
20 those which have been genetically manipulated by humans 
as described amove) .. are set forth below. 

The present invention further relates to the 
c " ea r >i that m< Li 3 ;,o? : jne < dss, as 
ve g other peps ice a v > 

25 mature protein, improve the yield of glycosylated 
proteins gnal peptide modi t , o> 

alteration of she peptidase cleavage site to improve 
cleavage accuracy {and thus produce a larger yield of 
desired glycosylated proteins having the predicted 
30 terminal amino acid sequence) . Signal peptide 

modifications msy also, or alternatively., iargelv 
improve g lata iet ve he absence 

of "correct" cleavage of the restore protein from the 
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amino acid on the N - tersdnus is one tor the predicted 

ir ' UJ ro; of having as amine ubdt , the 

signal peptide or other presequences ) , Other 

n , . include the addition ot "prosequeeces" 
" s - v ^ , o - - , 

giycosyiation efficiency! Natural as oeil as note 
naturally occurring signal peptides may be modified as 
such, Specific examples are provided herein. 

There fore, the present invention also relates 
to an improved method of manulhactorlny a glycosylated 
protein comprising ; 

<3 l c under suitable -> „ t or 

expression and giycosylation, a boat cell containing a 
DNA sequence encoding, in the 5' to 3' direction hi} a 
signal peptide, and (ii) a DMA encoding a glycosylated 
protein; and 

(b? obtaining said glycosylated protein 
» e < - sa \ impravstnen comprise; 1 c « 
peptide having a peptidase cleavage site optimised for 
•nana :ri ring yield of said glycosylated protein, snd, 
optionally, the addition of a prcarequsnce . 
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FIGURE 2 is a Western Blot, as further described in 
Examples 3 and 6", heiovq showing that alterations in 
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amino acid segue - nsylat i :an a 

the kind or amount of eyycosy lai. ion . 

v ^ s qraj o! e -< - ' g Li runs 

following subcutaneous administration of :• . D rag/kg 
5 rmetnu-Lepcin or a three- site glycosylated iopt m 
protein in sale CD-I mice as further described in 
Example 7. 

Fo;;yKn 4 i£ ■ araph o! serun lept n co-uosro a ur-. 
rolloviag intravenous administration of 1.0 x;\g/kg 
10 rmetHu -Lectin or a three- site glycosylated loot in 
protein in male CD-I nd.ee as further described in 
Example ? . 

FIGURE 5 is a graph of weight loss upon administration 

of a three-site glycosylated leptia protein i"GE- 
15 4 ' • i Example 8 

- - " graph rf £ od Intake ipcu admin sc; iti - 

of a- sit< ox xr. p.; or a.l "QE 

o; * n " _ ~,.r* e- > Cv^e. -o- 5 „i-\'.h- 9, 

FIGURE ? ia a Western. Blot illustrating the effects of 
20 various signal peptides on expression and glycosylatioa 

of a three-site glycosylated leptia protein, as farther 

described in Example 14 . 

25 glycosylation of a three-site glycosylated ieptia, as 
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giycosyiatior: of a three- sir.- glycosylated lectin as 

FIGURE il is a Western Slot., as describee in Example 15 
below,., sad shows in a-, increasing the camber of 
S glycosylate on sites, at least up to flee sites, 
ease; - ;unt of slyce 
lectin protein when expressed in CHO ceils. 
S e s a .;. i sd Do s c rr y t i sm op gh y_ I n<urn t ion 

dieated above e prase; 
10 relates, in one aspect, to glycosylated lectin proteins 
having a Stokes' radius larger than that oh naturally 
x uti nn o - u,rv - - . , 0 

— ' •" 5 of a therai > is 

the systemic circulation, of the Stokers radius is of 
15 sail icier f also to reduce filter ability in the kidneys 
The effect of having a Stokes' radius of this sire is 
to keep the glycosylated leptin protein in. the systemic: 
circulation for a longer period of time than would he 
for a glycosylated, or other leptin s rot ess. not having 
20 this effective sise. Upon empirical - o 

the Stokes' radius for she present glycosylated lee;: in 
protein, the sine meat he greater then or equal to 
about 30 A, as determined by methods described is 
further detail below. Whan used with reference to an 
25 ino dua ; elate ep Li 

tei about" mes ' >: e Stoke 

period of time for chat individual glycosylated lectin 
p ro t s i a .mo 1 e e u 1 e , 

As provided herein, glycosylated lectin 
30 proteins bavins a Stoma's radius greater than naturally 
occurring leptin proteins has improved properties. The 
£ i ^ m \- t * u^ tc : „ i 

glycosylated leads pror.ein molecules, such as is 
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which is greater than or equal to about 3D A, The t,sr;j 
er< -> < > i * , , 

** : " v v i, e a 

v - — - s - » , > > 

raarus, but trie meets. Stokes' radius of a given 
population at glycosylated leg toe; protein is greater 
than or equal to 3D A. 

The higher, above 3D k Stokes' radius, the 
bu larger toe etf octave size of eke glycosylated leptin 
protein molecule (s ) .. The larger the etfecti.ee sice, 
.Lufho ths larger the hydrodynamic /share attained by 
the addition of oligosaccharide, the slower the effect 
covenant through easement stattb ranee throughout the 
IS body. in order for ieptin to reach the kidney tubules 
where it is degraded it must first pass through the 
basement membranes of the glomerulus. Thus, increasing 
the hydrocynaslc sine slows til trail or. "borough the 
glomerular membrane, and therefore slows degradation, 
20 and thus ultimate clearance, of the polypeptide in the 
proximal tubules, for example, the present 1 - 
glyceryl anion site lectin, rktu Leptin ] - 140 v.-i -;h 
giyeosyiation sites at position 47, 6'9, and 102 (i.e., 
having an ssparagine residue substituted at positions 
2S 47, 69 and 102, and a threonine residue substituted at 
position 29, 7 1 and 104) has a mean Stokes' radius of 
32,1 A (based on two gel filtration measurements of 
31.9 A and 32.3 A). The working example below 
demonstrates that this glycosylated lectin exhibited a 
30 4- to 5-fold decrease in syssemic clearance and 
increase in half - lif e compared to rmethu ■ Lectin. 

Also as indicated above, there are several 
eta:? I es' radius of 



WO 00/4774! PCT/US00/03652 



16 • 




Kyte, Structure in Protein Chemistry, Gar hand 
s Fabi.isn;nng, lec > , den York, and London, :: p '} t at pages 
Pd3 ~ 3 a fed herein incorporated by reference. Presently, 
inn gel tmltration used to determine stokes' radius is 
polymer {agarose) beads no which dantran is conaient in- 
bound, Commercial preparations include 3uperdex ::K 200 
10 HP 10/3 0 (Pharmacia! and Sephaeryl@s - 200 high 

Resolution [Pharmacia;, These tree preparations were 
al terras.- veiy used so determine the stones ' radius of 
the present glycosylated lent in proteins, 

A column may be or any sire bet a size oi 
15 approximately 3. x 3D cm is preferred tor ease in 
band:; One . The instruction manuals for column 
preparation for each of the above gel filtration 
substances are herein incorporated by reference in 
their entirety {Paper number v - « , Edition A 8 for 
20 Superdex ' :!;; and 52-2086 - 00-03, for hephasrvldd , 

The buffer to be used should be fairly elf 
to a physiological buffer that doss net significant: 
alter the solution conformation of t molecule and 
f ere ^ t sire soger. 
25 <. * i , y ~ „ a i 

was used to determine the Stoke: 
{ i Sv a tee c in pn tolas . 

i ■ e pj rc sss - o p* ; ; - 
should generally follow the ins! 
3 0 above 1 ncorporated , The selects 
- >:< ' i 
should be loaded onto the col arc 
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mg/rd... was used for a three-site giycosyla too ieptin 
hi?, 49 ICd v . Pro to:: :'ceu use rre in was ? t bat 

e used The buitei ia: he 
should be compatible with good gel filtration practices 
S and could in theory contain bigh salts, and other 

materials consistent with what one skilled in the art 
would consider appropriate. The load or storage buffer 
should act interfere (either by precipitating as it 
hits the column or by being denaturing and requiring a 
10 refold as it elates) with determination of she Stokes 
radios, A column of eel filtration substances ah lea has 
not previously been used, ia preferred. The washing 
buffer, such as phosphate buffered saline, should be 
applied at a rate of 0.25 ml /mix or a linear flow rate 
IS of i 5 nm/rrb.n. This value w id be deternrined bo th 
properties of the gel ana is basically per the 
manufacturers instructions. The fractions elated 
contain the glycosylated ieptin protein I- which 
are not trapped ta tne ae fi- trat.br ; <. ar.ee. 
20 To detersuae the Stokes' radius, it is 

necessa; tc. co roc. tn te.~> ivc s\ at 
protein to known proteins used to calibrate aha gel 
filtration column. The methods as in the Gel 
Filtration Calibration Kit Instruction Manual, 
25 (Pharmacia Biotech paper lld-uh;: f Rev. 2}, are 

herein incorporated by reference. Generally, selected 
proteins of known Stokes' radius are filtered through 
the column, and the tract ion where each elated is 
noted. The fraction containing the subject 
30 glycosylated lectin protein is compared to the fraction 
of the calibrated proteins. 

Thus, the glycosylated ieptin proteins are 
those having a Stokes* radius (of the glycosylated 
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ispti.n protein moiety alone, not inciuditng any cherbcal 

c - - v- . ; say ss further -\ £ as 

indicated below) or greater than or equal ;.o 30 A a-- 
l! - x ir^ed b\ linut or. rhe ; 1 ran ioa «r.n\ 

5 be accomplished using dexvfcr&n - coated agarose gel 
filtration r:!^ r.cu such as SuperDeri- or 
Sephareryr®, as described above. The better nary be 
phosphate buffered saline. 

10 

l < QlXSZ §vi 15 5 I S LXib h .< ,b ■ 
prepare the present glycosylated lap tin compose tiara 
one will begin with a selected amino acid sequence., and 
modify that sequence to .include the addition of si«s 
15 for linked cr 0- linked giycosylatlcn. The toi lowing 
>rm'j s Is preferred foe adding sites < ■ Linked 
giyoosylation t;a. geaynmUaP Creigbrca, Proteins, W.H. 
Freeman and Company, hbrb t (1984; p. 498, pier index at 
pages 76-78, incorporated herein by reference;: 
30 Js - £ - T/S 

wherein: "N" is Aaparacone "X" is any amino acid except 
proline and "TVS* is Threonine or Serine. [-referred is 
u.he formula "M - x - T" ? whereby the alteration wire 
pact to a at. a 

25 that 'Tr- remains the aa;ue as that for starting lectin 

the arc! no acid immediately downstream (reward the C- 
terminas) is threonine, b~ linked sites at the outer 
surface of the protein are preferred. Bar face residues 
30 sa.ifca.bie for glyoosyiauion can be identified by 

examination of a three dimensional structure or <.a;b . 
cr by nuclear magnetic resonance cr crystal caructare 

that a proline at position 1 with respect to the 
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may seek to avoid a proline residue at such a sits. 
Working Examples 5 and 6 demonstrate the effect of 
5 giycosyXation site occupancy of K - i< • s versus P - >: 

;>• linked glyeosylacion sites are found on the 

proline residues, 0- linked sires can be fauna or 
10 reduced 3 erine o < 

near to or adjacent to proline residues. Generally, 
threonine residues are preferred. For exa.tspie, SEQ , ID 
NO: I (below) has a proline at position 39, and a 
threonine at position 100 was introduced. This lectin 
15 war- expressed i.c CHO ceils and COS cells, and was 0- 
1 inked glycosylated. 

In , addition, one may select to combine 1- 
1 n s ■■ < ^ lycos \ o - r sex 

* ep n protn 
20 stay add one or more O- linked glycosyla tion si te, and, 
in addition, add one or more N- linked clycosyiation 

2 • - L General iy, ont 

t f in bsckfao 

25 forn;uIas to add an h linked or O- linked glycosyiaaion 
■site. 

In order to select a site along the protein 
i .o y oo, 

" ri 'nor c - -'..,„ . n , - oxu, ;nn, 

30 surface of the protein to he available for addles the 

"h- . - „ - s ^ 

e c . oop, B - ' x 



asparagine 
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v the sit 

a one rsay consider the leptirds three droersionai 

conformation , The first several amino acids of leptin 
are disordered, vd: i o; ; indicates a certain a count of 
flexibility. Topologies I iy , the 1 op tin structure 
*ihEir> 3&an$ et. al . , Mature 387: 206-209- (199?) 

10 - structure of obese p 

' U ~ s ^ ur poena t ed 1 s < u::c is 
similar to the structure of the cytokine, granulocyte 
colony stimulating factor { "CP CBF" ) (see., e^o, f U.S. 
Patent No. 5,581,476, Ossiund, disclosing the < -P 
v J N cs sr.a 1] e nra t iG SI 

- e m ^ • t t ) i o -5 - 

lack of biological significance of helix A, one may 
choose to modify SEQ. ID NO; 1 to include glycosy la Lion 
site;? at. residues Vail or Pro! . 

20 *sp23 {ox SEQ. ID HO; l}i.s on the last turn 

of helix A and is considered a good choice as the side 
chain .Is at least partially on r.he oncer surface of the 
protein. 

The proline residue at position 4 7 and the 
25 isoieuoine residue t position 48 tor SEQ, ID NO: 1} 
are at the end of the AB loop, only a couple of 
residues from the beginning of Helix E. They are on the 
surface of the protein, and may he suitable for 
giycosylation site insertion, 
30 ; -ho proline residue at. position 63 is or the 

surface of the protein, which is a good position for 
ilycosyiati 
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serine at position 101: ;is at the protein 
surtace in oho .miadle of the CD loop and should foe in < 
reismively flexible portion of the streets re, along 
10 with positions 1G1 {alanine} and 103 {glycine} . 

Taos, ;:.he present invention relates to a 
glycosylated 1 apt in protein comprising SECp ID NO; 1 

■> s 1-146, below) or Sip. ID DOc 2 <~ 

1-145, below} having one or mote sequence alterations 
15 as a site of glyeosyiation . Said sequence alterations 
may be selected from among: 

01V-»n 02? - >A 03I->T or S (i.e., altering the 
first amino acid in SEQ. ID NO; 1, below, which is a 
valine, 10 asparagine, altering the second amino acid 
10. from proline to any of the other 19 amino acids; (such 
as alanine), and altering the third amino acid from 
.i so leucine to threonine or serine) ; 

02P->N 031 04Q->T or S ( Lg„ altering the 
second aird.no acid in SEO. ID NO: 1, .baiov;, which is a 
25 proline, c paragins, rani a: a . . a th jnlno 

acid as isoieucine, and altering the fourth amino acid 
:b:-o gj u i.n n-i to threat* ae m? s- ; int 1 

23D->d 241 lid • >T or maintain as S {i.e., 
alter the s amino acid in SSCa lb . l f below, 
30 which is an aspartic acid to asparagine, maintaining 
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47?->.N 481 49L->T or 3 lh«e., altering the 
~d~ amino acid from proline no asparag roe ; maintaining 
i -> ' o i o- ■> c , „ . 49'- 

and.no acid from leucine to threonine or serine} ; 
5 48! ->N 491, 5DT or t->3. (i.e. , altering roe 

48'" arfd.no aold from .isolencine to aeparagine, 
mairrta.rn.ang the 4$ ts amino acid as leucine, and 
maintaining the 50th aari.no aold as threonine, or 
altering to serins) ? 

IS 6§i >|3 m n%~H oi B ice. a m$ th 

&9 m arrd.no acid in SEQ. ID HO; 1, below, from proline 
to asparsgine, maintaining the 7G :A asd.no acid as 
serine, and altering the ?d s ' amino acid from arginine 
to threonine) ; 

IS 92F->D 93s 94F->T or S ( i.e. , altering the 

92 w ' amino acid of SEQ . ID NO; 1, below, from 
phenpi alanine to asparagine, maintaining the <hV' d amino 
acid as a serine, and altering the 94r ?i amino acid irom 
lysine to threonine or serine) ? 

20 10iA->N I02S 103G->T or S (i.e. , altering the 

101st amino acid in SSQ. ID Wi I, below, from alanine 
to asparagirom maintaining the 102nd amino acid as 
serine, and altering the 103rd amino acid ires: glycine 
to threonine or serine) » 

2m 102S- >;•: 10 3 G 104L->T or S ( i.e. , altering the 

im mi amino acid in 8BQ, ID Mi 1, below, from 
tryptophan to asparsgine, maintaining the 103 ;x5 amino 
acid aa glycine, and altering the 104^ ammo acid from 
m , - - - o - _ ^ 

30 I03G->N 104 L 105E->T or S { i , o . , altering 

the 103rd amino acid in SEQ, ID NO: 1, beioen from 
cm o asparc int. mining tn 0- imi.o 
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Thus, the above shorthand notations indicate 
the amino acid location vdth respect; to SEQ. id NO: 1 , 

■> - % v. a C - r f < v 

> 5 c.U X rs.d ?d b»Io s sang< 
third ammo acid {the arfii.no acid toward the C - termors 
of the protein! to threonine is preferred for ease in 
commercial manufacture, pa rhieul&rly in giycosyiation 

2.0 ei v a i chough, as inchoated < t t i 

also fee used at this location. Conventional single 
tetter amino acid abbreviations are usee, as in Stryer, 
Biochenistrv, Third Edition i 1988 3 , w.k. Freeman and 
Gompahyt New York, inside back cover, herein 

15 incorporated by reference. 

In vie* of above, the present invention also 
relates to a glycosylated ieptln protein career -.sing 
SEP. D mi - {rHti Leptiri I -146, bahn ha rn rv or 
more sequence alterations as a Kite of ehycoayhation 

20 s ted i; one wher r/S enot tic; U or 

serine) x 

(a) 01V->k 02P-O-E (where X is any amino acid 
cept p? 





(b) 


02 P 


OS 


031 04Q- 




25 


(c) 


2.3D- 


•>N 


241 25S- 






im 


47P' 


>H 


481 491, • 


■>T/S 






4 SI ■ 




4 9 1, SOT/ 






if) 


6:9 P- 




70S IIP- 


>T/S 




(g) 


92P- 


>P' 


93S 94K- 




30 




1 QIA- 
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- S c " " - - crorxi 3t» 

* - \> aa--\i :r*i»i-).w-ir 1-146 i SEQ . ID NO; i; for 
single- and double - glycosyiatrion site lepti.n proteins, 
Moreover, ».,k\\ chree, tour and «^ . 

sits lepti.n proteins have demonstrated increased 

- ^ -r.> v . - e o ~ - < ^ 

includes particular glycosylated loot in proteins as sot 
forth in the working examples; 

■ -a glycosylated lepti.n protein comprising 
■mt&o acids 3.-146 of SEQ. id SO: I, having a 
g'lyrrosylation sice located at a position selected frosts 
among {-with respect to the numbering of SEQ . ID MO; I; 
1. 2, 4 i: &, 23, 44, 47, 48, 69, 7Q, 93, 97, 100, 101, 
102, 103, 118 and 141. 

» . i , >c _ » ,ste * , „ u- 

aminp acids 1-146 of SEQ - I'D NO: I, having two 
giyeosyiation sites, said two sites selected from among 

- d ' t'h anjnbe- >g oi 3 jsk . i ; 

4 7 + 69; 
48 4 69; 



f. SEQ. 
said 



2 3 + 47 4 69; 
47 t 69 * 100? 



€9 + 103 4 118. 
S " ■ ^ glycosylated lectin protein comprising 

acid 46 m SEg, 3 : I 5 ; ving fo 

qlycoipylation sites, said -c - slues selected frort 
among (witi reapect ; ; - ro > « id i , 

2 ■+ 4? * 69 .+ 92; 
10 2 + 47 * 69 * 102; 
2 3 •* 47 t 69 * 9 2; 
23 -r 47 69 ? 102; and, 

47 m * reo 4 io2. 

- a ?lyco?;; n;ca i.ept protect com? 
15 amine acids 1-146 of SEQ . ID NO; 1, having five 
glycosylation sites?, said five sites selected fron 
among (with respect tc the numbering of SEQ . ID NO; 1} ; 
2 ■!■ 23 *. 47 * 69 * 92 
2 * 4? +' $9 * 92 * 182 
20 23 + 47 * m * 92 * 102. 

More particularly, the present invention 
includes the following glycosylated ieptin protein 

f~> v - P tc r-- , ^ «n « and 

specific DMA s as set forth below; 
25 Glycosylated laptin 2,47,69 (SEQ. ID NO; 25, DMA); 




i { s : 



Glycosylated leptxr; 2,47,69 ( $EQ , ID HO : 26, protein;; 

1 \O;I0 ; AV0DD? KT.L'IKT.IVTR INV.:'.I.'S.?-TQSV SSGOKVOeor; FIPGUAiAPT 
SI LSKMDQTAAV YOylLG : SMGS TXVXQiSfiDi. FNIAOGGHvX. AFSPPGKLAG 
l{n A&'GLETLD: ' i mi.WC SP 

: ii TOTGAGGAGG ATGAATGACA ."\V,V,V GGAGTCAG'PG TGCTCCAAAG 

.10.1 AGAAAGTGAG CGGT'TTGGAG eeCATTGOTG GGGTCCAGAA OATCAGGACG 

15.1 TGATCCAAGA TGGACGAGAG AG1PGGAG0T TAGC1AK1AGA GGCTCACGAG 
2 01 ' ' " TT AGAAACGGGA TCCAAATATG GAAGGACCTG GAGAAOGTGC 

2 SI GGPOVltlTTGO TCACGTGCTG GGCAAGTC1A CGAGCTGCCA CTGGOCCTGG 
AO- GCCAGTGGCC GGGAGAGCtI' GGACAGCCTG A A\ GGGAAGGGTG 
3ii.l AGCAGTACtCC AGAGAGGTGG AOOAXXllGlAG CAGGCTGGAG GGG'TC'TCTGG 
40.1 AGGAGATGG? GT'OOGAGGGG GACCTGAGGG C'TGGGTGC 

Glycosylated leptin 2,47.69,32 (SBQ, ID KO ; 28, 
protein 5 

1 \Ov.TTKVQC-G'" KTLIKTIVTR IGDISHTQSV SGKGKGtGLD .AT POG.A.R.IA'T 
51 LSK'MOOTLAV yqCGGASiAAS 00O.AG10GDL EGGKOAAHVA AOS .A ; AA .AO 
i 01 ASG.GGTAD.SA GGVIAASGYA TPVVAGGAOQ GSAQDNi^QG DLSPGC 

G /eosylated leptin 2,47,63 102 ; SEC' • W MO: 29 DMA : 

.1 GTGAACATGA CAMAQTCCA AGAFGAGAGC AAAAGGC.TCA AC A AG AG AGO' 
51 TGTCAGGAGG ATG AATGAGA TTTGAGACAC GCAGTCAGAG ASCTACAAAC 
s OC ITCOAOAA CAA 

■Si TGAAGGAAGA TGGAGCAGAC ACTGG-GAGTG 0.ACCAACAGA TGCTGACCAG 
201. XV ' u ACAAACGTGO TCCAAATATG CAACGACCTG GAGAACCTCC 

" x ^ v „ — 

0 01 GCGAATGGOA CGGAOAOCCT 0AACAGCCTO GGGGGTGTCC TGGAAGGTTC 

3 S 1 AGGCTACTOC ACAGOAT0TGG TGGGCXTTGAG GAGGCTGGAG GGG'T'CTCTGC 
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protein) : 

101 A^TKOGDSG GGGUGAOGVO TSOOALSRGO OSGQDM^CC DLSPGG 

Glycosylated leptin 47,69,102 {SEQ, ID NO: 31, DMA) ; 

3 G0OGVGGATCC AAAAAGTOCA AOAVGACACC AAAAOOCOO& TGAGGGOGAA";' 

0! TGTGAGGAGG ATGAATGAGA TTOCAGAGAC GCAGTGAGOC OCGGGGAAAG 

101 AOAAAGTCAC COG1TTTGCOG: OIOAG'IGOOTG GGGTOOAGAA GAGCAOGAGO 

Oil TTAOOGAAG.S TGGAGOAGAC ACOOGGAGTG TACC AAG«G« TCCTCACCAG 

2 01 TATGAATTGG AGAAAGGTG.A OCCAAAGATG CAAJAsAGCTG GAGAACCTCC 

. sG 

4 01 AGGAC'AOGCT ~ GACGTCAGCC CTGGGTGG 

Glycosylated leptin 47,60, 102 {SEQ., ID NO:; 32, protein) 

I VPJQKVQDGT OIGIKTJOTI* I^iVi.fifiTQSV SSSvAVTGGG flVOGHIGTGT 
51 LSKMDQTGAV VyOG LGOIKNS TGvIOlSGGA VGlGiUlGGGOL AGSGSCKGPK 

- - ^ a*^.* o ^ , , ..Ac ^ 0 . 

Glycosylated leptin 2,47,69,32,102 (SEQ. ID SO: 33, 
DMA) ; 

^ ^- - G. ^ , ' 1 O , ■, - WO x „ « . ^ \ O V- 

01 TGOGACCAGG ATGAATGAGA O'l'TG AG AG AG GCAGGCAGTG TCCTOGAAAC 
TO A ( 1 \ OA 
Oil TOATCCAAGA TGGACCAGAC ACCGGCAGTC TACCAAGAGA TGCOCACGAG 
001 OATGAATTCC ACGAACGGGA TGGAAATAGO CAACGACCOO OAGAACCTCC 
2 SI GGGAOCOTCT TGACGOGGTG x \0 GCAGCOGCGA GTTGGGGTGG 

3 01 GOGAOTGGCA CGGAGACCTO GGAGAGGGTG GGGGGTGOGC TGGAAGGTTC 
351. AGGCTAGTCA1 AGAGAGGTGG TGGCCCTGAG GAGGGTGGAG GOGOOO'G •.'•>'" 
101 AGGACATGGO GGGGGAGGTG OACCGCAGGC C0OGGTGC 
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occupying less than all available sites) sialated 
glycosylated proteins molecules. 
5 It Kbiis o $lic acid i >tia 1 <• 

determined by methods available to those skilled In the 
art. For example, one may > < - - the molecular weight 
of the protein or preparation thereof before and alter 
treatment with en:aymes which remove sialie acid, and 
1Q calculate the molecular weight at the constituents. 
Alternatively, one may use isoelectric focusing or 
„ ; < v vi v .<• ' c -« - 0 „ — - v- -to a 

For ssamtao. human lectin 1-14 5 (SEQ, ID HOP 
2, below; contains two 0-- linked, glycosylation sites, 
15 and thus, when fully sialuted, four sialic acid 

moieties, the present working examples with a si. agio, a- 
linked giycosyiation site contain four sialic acid 
moieties, when fully sialafced. The two-site 
glycosylated 1 optic proteins below, when fully 
20 glycosylated, contain 8 sialic acid coieties, the three 
site, 12 sialic acid moieties, the four, 16 sialic arid 
moieties, and the five site glycosylated leptins, 20 
sialic acid moieties. The present invention thus 
encompasses glycosylated lectin protein preparation 
2S wherein each glycosylated ieptin protein molecule in 

i 1 prepe atio^ as ;ii vt r more sr< < t i more ies 
More preferably, for purposes of enhancing a sustained 
re ease effect i th.er< atic p.; - ths present 
i - „ " i a -d U > 

3 0 or-- in prepare t s.t - - - rtec o^ " 

protein j iecut sa :i ] oar at. an an < t; D siali 
s - -^-o ~ — - v J ..x. V i. i ta^l 
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i ■ t • . * . > -p type of 

leptin used for the glycosylated lectin phariaacenti eal 
; reposition? raai be seis rted fro; thos* rJesea >ed in 
PC? International Publication Plumber WQ96/053G9.. as 

entirety. Figure 3 of that publication (as cited 
tnerexn SEC' . ID NO: 4) depicts the full deduced amino 
acid sequence derived for human lectin (also referred 
to as the human "OB* protein) . The amino acids are 
numbered croc 1 to 167. A signal sequence cleavage 
site ie located after are.nuo acid 21 (Ala; so that the 
mature protein extends from amino acid 22 0/aI } to 
amino acid 167 ■; Cys ; , For the present die clot ore, a 
different numbering is used herein , where the amino 
acid position 1 is the valine residue which is at the 
beginning of the mature protein, 

The amino acid sequence for nature., 
recombinant human leptin is presented herein at SEQ. It 
NO: i . where the first amino acid of the run. ere protein 
is valine fat position 1} (herein called rHu- Leptin I- 
1-46 , SE$ ID it H 1} i 

V P I Q K y o M D T K f- hlKf % V 



Q L p L ■ S P G C 

Alternatively, one may use a natural variant 
human iepr in, which has 145 amino acids., and , as compen 
to rHu- Leptin 1-146, has a o absent at positior 




example for t> pa ' yeosylatee 
leptin proteins recited herein, one may choose to use 
the v version of human leptin (1-145, SEQ. ID no : 2) 
and modify the corresponding sites enumerated for the 
1-146 amino acid human leptin to include glycosylation. 
sites . 

Generally, the leptin protein for ess herein 
will he capable of therapeutic use in huraans (sec also, 
animal leptins, below). Thus, one may empirically test 
activity to determine which leptin protein ror.cs may he 
used. As set forth in WOS6/05309, leptin protein, in 
its native form, or fragments crush as snnyme cleavage 

i-oic * — c»;i<o 'uacutor: u.tr a; <vu "up all 

retain biological activity. Any of such ferns may be 
used to prepare the present glycosylated leptin 
compositions, although such altered forrss should he 
tested to determine desired characteristics, Sep also, 
POT > r - "hi u t j " 

WO7)?/05816, WG97/18833, WO97/38014 and WO93/0SS12, all 




' " i * 4 c residues iu the 

recombinant human sequence, such as substituting the 
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x s-rucn.:r : -.;::o. z:^;; protein ra;.; biological aor.ivicv in 

v O" „ ^ t 

For n or, > t aoino acid sequence of naoive human 
leptin as presented in SEQ. 1X5 MO; i, one may 
substitute with another amino acid one or morn of the 
amino acida at positions 32 : 35, 50.. 64, $-8, 71, 74, 
77, S3, 97, 100, 105, 106, 107, 108, 111, 113, 136, 
138, 142, and 145. One may select the amino acid at 
Che corresponding position of the murine protein (SEQ . 
ID HO: 3} or another amino acid. 

One may further prepare synthetic no locales 
based on the rat ieptia, called, OB protein, sequence. 
Muratemi er. * h^-^ kV o ^i.hi 203: 
94-3-52 (1995) herein incorporated by reference. Eat OB 
protein differs from human OS protein at the following 
positions (using the numbering of sBCr ID DO: - IS' 4 



rai table for alteration. At one or more of the 

1 ~ *- >■ " " ^vi tin ■ v 

corresponding rat OB protein, or another amino acid. 
The positions from noth rat and murine OB 
noteir which diverge from the mature human OB protein 
o-e: 4, 32, 33, 35, 50, €4, 68, 71, 74, 77, 78, 89, 
17. 105. 103, 105, 105. 107, 108, 111, 118. 136, 13 H. 
.42, and 145. An OB protein according to SEQ. ID DO:: 
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~ 33 

be effective. 

In addition., the amino acids found in rhesus 
monkey GE protein which diverge from the mature human 
OB protein are (with identities noted I a parentheses in 
one letter amino acid abbreviation; ; 8 (S) , 35 E 48 
(V} ;1 53 (Qj, 60 {t). 66 (Xh 67 (N) , 63 ( '..} , 89 (L) . 
100 (Id, 108 m t 112 CD) and 118 ih) , Since the 
recombinant human OB protein is active in cynomolgus 
monkeys, a human OS protein accord icq to SEQ . ID NO: 1 

acids replaced with another amine acid, such, as the 
amino acids in parentheses, may be effective, it 
should foe noted that certain rhesus divergent amino 
aci.de are also those found in the above murine species 

prepare ? in« v c >> sen 5 oc ec is ( ;s nc 

the rmlsu c.c ds if position.. - \ laced by arc c 

acid: 4, 3, 32, 33, 48, 50, 53, 60, 64, 66, 67, M, 

II, 74, 77, 78, M., 97, 102, .105, 106, 107, 108, 

III, HI, 118, 136, 138, 142 and 145. 

Other analogs may be prepared by deleting a 
part or the protein amino acid sequence. For example, 
th mature proteir lack 3 s raeces < • tc ~i} v 

and 

this deletion may be incident co manufacture, e.g. , 

. xcco -u . ' I - -c " e-"> ■- ixvac^cof • c\o>\; 
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ne may prepare r.ne to.iio 
ptir. protein molecules i 



la.} amino acids: 98-146; 

Co) - „ , - < i to? 



1 12-146; 



10 .1 12-146 having one or more of amino acids 100-111 
sequentially placed between amino acids 99 and 112. 

In add! tier-, the truncated forms may also 
have altered one or sore of the amino acids which, arc 
divergent i reins d uses OB pro; 

15 from human OB protein. Furthermore, any alterations 
may foe in the form of altered amino acids, such as 

f t <- W * > . v 

Included are those proteins as set forth 

20 "conservative"' according to acidity, charge, 
hydrophobic! cy, polarity, si re or any other 
character is l ic known so those skilled in the art. 
These are set forth in Table I, below. to;.; generajhy, 
Creightory Proteins, W.H. Freeman and Company, y . ? . . 

35 (1984) p. 498, plus index, oassim. Sep , in general Fo 
{ - ' ^ 
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Table I 



Basle; 


a rod nine 
lysine 

i 


Acidic ; 


glutamic acid 
acid 


Polar: 


giuta:rine 


Hydrophobic : 


leucine 
isoleucine 
vai j ;> - 


Aroma t c 


phenylalanine 
tryptophan 
tyr. ? m 


Small : 


glycine 

serine 
threonine 



acid c< ^ } 2 ?c E:Q. ID Si L here 1 ! 

^ < N N d^ ID 

10 N v . , „ v*a< . 

position 26; 

(hp an amino acid sequence of subpart 
{a; having a different amino acid substituted in one ox 
sore of the toileting positions; 4, 8, 32, 33, 3 3, 48, 

is ^<>, « > r m ,74 

100, 101 . 105, 106, TQ7, 108, 111, 112, LIB, 136, 138, 
142 and 145; 
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— ' leprae ptote. ra >g 

noted fro - i boars 

( 1 } arrd.no acids 98-146 
{11} amino acids .1-99 and 112-146 
amino acids 1-99 and 112-146 
having one or ssore of arrd.no acids 100-111 

O ^ ^ 1 J £ ^ 

112; and.. 

{iv} the truncated leptin analog of 
subpart CD having one or more of amino acids 100, 
102, 105, 106, 107, 108, 111, 112, 118, 136, 138, 
142 and 145 substituted with another amino acid; 

(v) the truncated lop;: in analog of 

8, 32,. 33, 35, 48, 50, S3, 60, 64, 66, 67, 68, 71. 



subpart fiii) having one or more of amino acids 4 . 
3, 32, 33, 35, 48, 50', 53, €0, 64, 66, 67, 68, 71, 
74, 77, 78, §9, 97, 100, 102, 105, 106, 107, 108, 
111, 112, lis, 136, 138, 142 and 14 S replaced with 
another amino acid; and 

fd) a leptin protein of any of subparts (a)-- 
Co) having one or sore conserved amino acids 

' -r - ; • / on 

the external surface of an alpha, hallo, to insert, by 
addscion or eubati tut ion , a glycosylation site. 
Particular glycosylation sites are recited ypora . 
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5, 594, 104; 5,605,885: 5,6X4,379; 5,691,309 
l> 7 - :t ; assigned t< Eli Li 3 y and 

Company) ; 

PCT I4G96/23S13; W09.6723514; 1409S/235I5; 
14096/23516; W096/23S17; W096/2351S; 

6/231 ^ 26/ 2381 

•4Q96/2 4 670; W096/273-85; HP 725078; EP 7250' 
" '^^iw - , „a 4 , -p v 

CT W09f > signed t > 

PCT WO96/29405 {assigned to Ligand 

Pharsnace-uticals , inc . ) ; 
PCT 14096/31526 (assigned to Amy! in 

Pharmaceuticals, inc. ) ; 
PCT WD95/34S85 (assigned to Sraithkline 
Beecham PLC); 

PCT WQ96/35787 (assigned to Chiron) ; 
CP 736599 (assigned to Takeds) ; 

ft N C V 

To the extent these references provide for 
useful leptin proteins or analogs, or associated 
compositions or methods, soioh compositions and /or 
methods may bo used in. conjunction with the present 
glycosylated leptin pharmaceutical compositions, such 
as for co-aaministration {together or separately, in 

- - * N N by 



wo wwm 



Cite oirecnxo tagenes is of an existing nucleic dc; 
sequence or by synthetic means, or by other - as 

are av^iiab.N to chose ski] eo 1 in the ,3,: Method.' s 
disclosed in the Reference Sxasiples below are 
illustrative . 

Vectors include r c n <. as well as viral 
vectors as are available 00 those skilled in the arc 
Vectors may be tor oionino; or expression, are! In clue 
plasties, oosmids, and prokaryotic or enkaryocic -eel 
infecting viruses. For expression of glycosylated 



^except r - ; ;;nd >the.r eieeenl na\ : .0 y r 

the overall system as Is Kua>.-3: to those skilled in id 

art. 

Vectors disclosed so the Reference Examples 
25 be! - a jt . f ve. \ < > > - xaxvpls 

need a modified form of pD5R»:2.. to express glycosylat 
ieptin proteins . 

The host cells may be prokaryctic, such as 
bacteria used for cloning of the present, nucleic acic 
30 for example. Other host cells may fee eukaryotic ., 

1 i ^ host cells i b« ctx " N e x w 

Chordata, such as those in the class Mammalia. Pru.cs 

ells, inei - li« ieou! HeLc 

human hepatocellular carcinoma, suss as hep G2 cells.. 
3 5 s , e; b ni in \ d • liver cells r.um< 
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- <- v v. „„ .curtate rat .uver ecus, tug us & c < " 

tumor cel. Is .may de used. insect cells may also be 
seed. Lesser hocc cell organises, sues as yeasts,, and 
funa:b are also .included. Sec Cersua2^ Cargalis, 
2d Edicio 

NSn York ' x - etas; II asi a. a P c monisms 

co i !v v. x <. s X \ i ore 

is. a ire d p r o t e r exainp r, :: ; s so 

N < iSSea, rHv v -c h 

cell, along with one or more other desired proteins. The 

f ^ ~> < - , ; a i > v, ble 

separation techniques, depending on the characteristics 
of the protein. For example, one nay, in a single host 
such as a CHO ce > ? cos ed lept.il 

protein, as well as a different protein, such as a 
different glycosylated protein desired for therapeutic 
use. One may use, for cars to a molecular weight so 
separate the proteins for purification. in this way, 
< : nomies ; i man- facttu - ma\ be . thieved ;e p odx .cor; 
two different proteins from a single cell culture. 

One may also use transgenic animals to 
express the present, glycosylated leptin protein. For 
^ v> r ma t yea c <- producing or 

•a cow or goat, for example] ana obtain the present 
glycosylated leptin prote.ee in tea nils ;: /educed . One 
may ■: : the present /ocyiat;. 

p-'cte; at , however , in general, the glycosylate on 
ceur ritio lan if 5- - that produced in 

vn s ^ s - .., , : t e 
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use. 



tecs, tne present invention provides for a 
i \ i <- <. j „ , t- , 

lectin protein. Such eel 1 s are suitable for 
transplantation or implantation into an individual for 
therapeutic purposes. One may then implant such cells 
into an individual, Seen calls may, tor example, ha 
iivar calls, bone marrow cells, or cells derived from 
umbilical cord. Alternatively, one may wish to use 
circulating cells such as blood progenitor calls, T 
cells or othar blood ceils. For humans, human ceils may 
.oe usea. Cells may foe in the form of tissue. Such 

Imp] act it ( n 



Hematopoietic factors may he used in cultarincr 
hematopoietic cells. Such factors include G-CSF, HP 

MCs^ _u \ k < t 

GtC-CSF, LiF , and analogs and derivatives thereof as 
available to one skilled in the art, 

Serve calls, such as neurons or alia, may 
also foe used, and these may foe cultured with 
eurotrophic f , pen GDJ 



" " s. of 

iar to those of ordinary skill 
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disclosure of which is hereby incorporated by 
reference j describe mersbrans capsules containing 
genetically eng inset as cells tor the effective delivery 
of biologically active molecules . The sens ui.ss are 
10 biocompatible and. are easily retrievable. The capsules 
encapsulate ceils transfected with recombinant Disss 
molecules comprising DMA sequences coding for 
biologically active molecules operat isely linked to 
promoters that are not subject us down regulation 
IS vivo upon implantation into a manual ian host. The 

devices provide for the delivery of the molecules from 
living cells to specific sites within a recipient. In. 
addition,, see U.S. Patent tHrshers 4,832,536,. 5,011,472, 
and 5,1.06,627, each of which is specifically 
20 incorporated hereixi by reference, A system for 
encapsulating living cells is describee! in PCT 
application wo 91/10*23 of Aebischer st al > . 
specifically incorporated herein by reference. See 
also.., PCT Application WO 91/10570 of Aebischer et al . „ 
25 Winn et al . . Sxper. Neurol. 1023, ; 322 •■ 329 (199.1 ; , 

Aebischer et aL, Sxper, Neurol, XIX- 369 -275 , (1931); 
Treses et al., ASAIO 11x17-23 (1992) , each of which is 
specifically incorporated herein by reference. 

Xh and in yijcjsg gene therapy delivery of 

3 0 the present, glycosylated lectin protein is also 

envisioned. In slug gene therapy may he accomplished 
hv" introo -e nucleic acid era as; - present 

glycosylated lectin protein into cells via local 
— i e"- i ! *< e. ^ ol • c ^ jei 

it a op r o s is, a t e d e 1 i v e r y vectors. (Hex t i , OS 

neurobiology,. .25 : 1418 - 1 43 5, 1934). For example, a 
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{AAV; genome contains AAV inverted -i' repeats 
flanking a DHA seouenee encoding the neurotrophic 
factor operafoiy linked to functional promoter and 
poiysdenylacion sequences . 

Alternative viral vectors include, but are 
not limited to, retrovirus, adenovirus, herpes simple 
virus and papilloma virus vectors. U.S. 5,672, <44 
(issued September 30, 1997, Kelley et ai . , University 
or Michigan} , the disclosure of which is hereby 
incorporated by reference., describes an in vivo viral 



, Pep£ 
losurv 



NN ^ * N ' i s vhil i ave nee. 

tlXd; o insert im. ling s 

therapeutic protein. Additional methods and material: 
for the practice of gene therapy techniques, she 
- 1 ut * - > N - v - n: era 

< < 'esc i; y *. nro.ed May 2 

1.99'V doo et ai . . Baylor College of Medicine} invoivr 
t f ' i " ^ ecu 

3 0,1$ - >6 C ^< - 

involving retroviral vectors? and U.S. 5,615,39:9 

(issued June 3, 199", Kriegter et al . ,, Chiron 

poration) i i < expre s - 
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t - - < n qen 

fo cct : ip' ' - ^, 

a * - " >. - „i h~ - 

c> . ° , -** - - 1 - ' v >- t t3 1 

integration, DNA sequeiscss capable of providing a 

10 ^ >. _ > i t. O 

identify transformed ceils, negative selection systems 
and expression control systems (safety measures}, cell 
specific binding agents {for ceil targeting) .. cell- 
specii : intern iz&t - factors transcrip io facto; 

i-> v ^ s ^ i' < c 

vector manufacture. Such additional methods ana 
xnateriais for the practice 
the disclosures of which a>: 



ue • . . , , - 
.en j 2 ed by eel uu mo 



Kedicine) electroporation techniques ; PC 9640958 
(published 961219 « Smith et al . , Baylor College of 
Medicines nuclear Uganda; U.S. 5,679,559 tie sued 
October 21, 1997, Kim et a I . . University or Utah 

25 Research Foundation} concerning a lipoorotein™ 

co. , u,n system for gene delivery? U.S. 5,576,954 
(issued October 14, 1997, \ ; t , vanderbilt 

University involving liposome carriers; U.S. 5, 593, 875 
(issued January 1-1 . 1997, Uurm et si.., Genentech, inc.) 

30 - c s en, -,,<■-- - v — ---;.<n 1 1 rstou <u- 
and U.S. 4,945,050 (issued Only 31, 1990, Ssnford et 
a me Hesearc roati ^cer* bicdog t t 

active particles are propelled at ceils at: a speed 
whereby the particles penetrate the surface of the 

35 •: and become incorj ted i uu she 

ceils. Expression control iuichnior.es include chemical 
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is.g-, !-bS> 5.585,362; U.S. 5,650,298; and P. S. 
5, 654, 168) . 

t is his con- ems ai sd t ; at th 3 «>••< 

therapy or cell therapy can further include the 
delivery of a second therapeutic composition. For 

host cell may fee Lol to express and 
release both a glycosylated ieptin protein and native 
human lectin. > t > * tr:ey may be expressed in 

ed £ i « 1 s cell 5 be 

separately introduced into the patient or the cells may 
be contained in a single implantable device, such as 
the encapsulating membrane described above, 
i v a ' ,. <* 

The present invention also relates to 

human ieptin proteins. A "selective binding moiety" 

glycosylated or angiyeosylated form. Selectivity is 
determined by whether the binding moiety binds to the 
subject iepiin protein above background (nonselective} 

'ci "< < , c , „ - ^ n^y, ? 

mol.et.xss include antibodies, such as monoclonal, 
polyclonal, monospecific polyclonal, produced by, for 
r —-~ s .ro - -u ^-v uu, 

nucleic acid cleans. See, -p.-,: . . Huse et al . , Science 

\ " l ' - 5 Si so compreivovk ere is 

acids vecto.5 < i cel.li xnd ottmn materia . and 
h 5 th< 1 t nucleic acid expre 
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ox a selective binding moiety, such as a recombinant 
antibody. One may attach detectable labels to such 
^ - u " N - ~ : " . , "j : * - s : - 

„ ti^W , ~ "VS 

V V - - „ <, ; - - , . ■* 

ne may pre assays, or > 
or more of these select I * > u le * 

aeteccio: ox measure e t - he r eserd leptin 
prcuceins. Illustrative is a. kit including monoclonal 
antibodies selective for a particular glycosylated 
leptuin protein, and means to detect selective binding 
of > v t nbroodies said glycos> ste< 

ieptiu protein, Otner materials and methods lor such 
kits are available to those skilled in the art. 

1 ui * c _ ! ^ v - \ c 

} ^ anotne: at-occc i <r o „ 
invention, provided are methods of using pharmaceutical 
compositions of the present glycosylated leptin 
compositions, and derivatives (see below) . Such 
pharmaceutical compositions may be for administration 
by injection, or for oral, intrathecal, pulmonary, 
nasal, transdermal or other forma of administration. 
In general, comprehended oy the invention are 
pharmaceutical compositions comprising effective 
amounts of protein or derivative products of the 
invention together with pharmaceutical I y acceptable 
diluents, preservatives, sol uhi liters, emuisifiers, 
adjuvants and/or carriers. Such compositions include 
diluents of various buffer content (e gg , , Tris-HCi, 
acetate, phosphate ) , pH and ionic strength; additives 
such as doner gents ano t i agents yy x< 

80, Poiysorbate 80} , anti -oxidants i e . c . , ascorbic 
acid, sodium metabxsoif ite) , preservatives (e, cu , 
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hilt: ■ Phil. - ■ R ft;T:;i n '5 t on ; Pha r mac eu 1. i ca 1 So i -noes , 1 8 th 
Ed. (1990, Mack Publishing Co., Bastoip PA 18042? pages 
1435- 1712 which are herein incorporated by reference. 
The compos ir. ions may bo prepared in liquid for-p or mas 
be in dried powder, such as lyophi.1 imed tors. 
Implantable sustained release iorraalacions are also 
contemplated, as are trans dermal forma I a talons . 

Specifically contemplated are oral dosage 
forms of the above derivative-! proteins. Protein may 
be chemically modified so that oral delivery of the 
f < ^ - M ^ L 

mxiif lea co mp>la attachment of at least 

one moiety Co the protein (or peptide) cole cole itself, 
where said moiety permits {a) inhibition of 
proteolysis ; and dm uptake into the blood stream from 
the - I e esi5 t i 1 c e 

in overall stability of the protein sod increase is 



incorporated by r e;:sresce, and U.S. Patens Po . 

^ " • - , - - - s <., „ r ^ n 

■ y iosed therein ; • applicable tr the present 

glycosylated ieptin compositions and methods. 

A.-u - ^ - <v * - . - u; 5 

delivery of the present protein, or derivative thereof, 
The protein {derivative) is delivered to the longs of a 

10 marmtal while inhaling and traverses across the lung 
epithelial lining to the blood stream, ode, PCT 
WO94/2Q06.9, hiven et al . , • Pulmonary administration of 
granulocyte colony stltniiating factory" published 
September 1.5. . 1.994, herein incorporated, by reference, 

15 and PC? WO96/0S3 03, previously incorporated by 

reference at page 83 to sec., for example. The present 
glycosylated leptfn proteins may be spray-dried into 
particles having an average size of less than 10 
nd crone, or more preferably. 0.5 to 5 microns. Larger 

20 si:? ad particles may be used depending en the density of 
each particle. 

Hasal delivery of the protein {or analog or 
derivative) is aisc contemplated. Pasai delivery 
allows the passage of the protein to the blood stream 

25 directly after administering the therapeutic product to 
the nose, without the necessity for deposition of the 
product in the lung. to rend a tiers for nasal delivery 
include those wire absorption enhancing agents, such as 
text re r cio ~ c L ia transpo 

30 cfhe.r mucous membranes is also - ^ 

The present glycosylated Lectin proteins may 
-s v. t ^ } v ._, , c - - - - „ - 

chemical moieties to the protein moiety. Chemical 
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v . „ sue;- as rosreasing - staoi im ty and 

circulation time of the therapeutic protein and 
decreasing immunogenieity . Sec U.S. Patent 
So - i-?i-d ; Davis et al . , issued Desember ^ 1979, 
For a review see ytuchovasR et al . in Fnrymss as 
Drugs . 07. S . Holcerberg and a Roberts, eds . 
PP • <■ h review art it describing 

P* ^* <N - ! < - * ' — 1 x ~ ' md iaai , r >teins is Fj ancis 
Focus on Growth Factors 3; 4-10 (May 1992) Ouab : a nod 
by Mediscrapt, .Mountview Court, Frier.a Burner Lane, 
London P20D OLD t UK 5 . One may wish to further modify 
the resei ocoi ated iepti omp o: - as 

adding, by chemical modii icasion, a. water soluble 
pc r« > Th s aochtuor of a cnemi ou ■ mo : , [ >b 
require an additional manufacturing step, but may 
result in further benefits In terms of improved product 
characteristics (with the caveat that under some 
conditions, chemical derivacisation isay snake the 
product less desirable, such as by inducing the 
formation oi : kidney vacuoles, see supra j , The chenueal 
moieties should be attached to the protein with 
consideration of effects on functional or antigenic 
domains of the protein. There are a number of 
attachment methods available to those skilled in the 
art . |JL, PCT 0091/ 11991, OD-Tsrminally Chemically 
Modified Protein Compositions and Methods.." published 
A ' S * a < \ t red ice i its 

eni i.ret\ a- : FT 403 - ' us mln snc< rj urate S b^ 
reference (coupling PEG to 0-CSF} , The methods and 
polymers disclosed therein in the above publications 
are \ >1 - sent glycosylated lept 
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Fusion proteins way ba prepared by attaching 
•* poiyaminoscids to glycosylated. leptin protein no.i ety . 
f or exarupl e , the . „ > c t - 3 ^ 

protein which serves to further increase the 
circulation half lite of the protein. For the present 
therapeutic or cosmetic purposes, such polyami.no acid 

10 should be those vdvich do not crease neutralising 

en hs response, < r aohu _ p.s 

polyaauno acid rsay be selected from the group 
cocs sting w : serurt a foun ox ha sari ?«ru? 
albusun ■ . an antibody or portion thereof (such as an 

15 antibody constant region, sometimes called »T C *) or 
other polyamino acids. The location of attachment of 
the c c acid may foe at the K- terminus of the 
glycosylated leptin protein moiety, or other place, .and 
also stay be connected by a chemical "linker" moiety to 

M 1 i 5ee >,g, POT ®0 98 r j hed 

July 1, 1998, entitled, "Ob Fusion Protein Compositions 
and Methods", herein incorporated by reference in its 
entirety. The polyami.no acici may be used to aid in 
detection or purs microti on, such as us. tug a "FLAG" tag, 

25 "his" tag, Pinyc" tag or other poiyamino acid tag known 
t , u v. killed ii * ari 

Re la red Up detectable labels nay be attached 
t a - - - - s.- o*-e -i 

Radio iso topes . light -emitting (e.g . , fluorescent or 

30 chenviiu cent p: £ : 1 eaeaci •; 

y > nr. , \ pi^ 

thereof} or other suns canoes may be used for such 
) i« 1 1 cs«nt \ nt u, * 



~ 50 - 

.sins, or a 
;b as an 

Do sage s 

■ ■= o s- - :.a *• - > v _ < o able _ 

ascertain effective dosages by administration and 
< >servinc t.h; desirec ■ - peutie < feet ? e e.i 
unmodified rmetHu--iepf in 1-146 has been demonstrated to 
M effective at doses of 0.3 m§ protein/kg body 
weight, •'day.- and has been seen to be lees effective at a 
dose of 0.1 ^ procein/kg body weigh;: /day. Greenberg 
at al,. Preliminary safety and efficacy of recombinant, 
met.hionyl human Lsptir; adtbniet ered by SC injection in 
lm m 5 -<^ N subjects PosU prese ted - femual 
Meeting of the American Diabetes Association; June 16, 
15.98, Chicago, lb. The desired dosage range, to have 
adva tags ovej fchs ex\'~n » m>o ~, w - . „ . t s 
same or lower than the above. Also, a desired dosage 
range my be one in which the same (or lower) protein 
load is administered less frequently, The effective 
dosages may be determined using diagnostic tools over 
time. For example, a diagnostic for measuring the 
amount of leptin in the bleed {or plasma or serum) may 
f 3t * osed to determix ndogenoa eve Is of ;pt.i 
Such diagnostic tool may be in the form of an antibody 
assay, such as an antibody sandwich assay. The amount 
of " n s a 

eii i: dob < rap dosages < 

exogenous to t < (that, is, protein, aoanx; 

derivative found within the body, either self --produced 



presence or amount of tee present proi 
compound containing such proteins (sue 
antibody/protein complex) , 
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curse c therap b th , id y hicl »g< tn 

used initially, unci], therapeutic or cosmetic benefit 
5 . s* c i s %v , <■ , the 

therapeutic or cosmetic benefits. 

During an initial, course of therapy of an 
5 parse i e c b -> er;. * <s 

weight loss and concomitant fat tissue decrease 
10 ncreas s acre yco Once ~a.tf oienv. weie ioi is 
s-Chieved, < c , ul cio t prevey:' te-ga ining 
eight . yet sufficient to maintain, desired weight or 
fat mass may be administered . These dosages can be 
determined empirically , as the effects ef 1 optic are 
15 .tereersihbe . It . a. . , Campficid et Science 26? : 

54.6-549 (1995) at 347, Thus, if a dosage resulting in. 
weight loss is observed when weight lose is not 

v"! \ , . ^ ^ ^ v, n Jvt yet 

maintain the desired weight. 

20 

^ethode. of Jro- 

Therapeut.pc , Pnerapeutie uses include weight 
modulation, the tree -.more, or prevention ef diabetes, 
blood lipid reduction (and treat cent of related 
25 conditions), increasing lean Is c t and .increasing 
insulin sensitivity. in addition, the present 
compositions may be used .for manufacture of one or more 
medicaments for treatment or amelioration of the above 
conditions.. 

30 ocpop; t iy . . For those desiring solely 

appearance enhancement, the present compositions may he 
used for weight loss, or weight maintenance which has 
one sti sru effect on »:s adv* - < r iim end - u : 



In addition,. the present compositions may bo used for 
' " » t c i • - - * . , c > _ 

" ' — The present compositions 

5 and methods coy foe used for weight reduction. Viewed 
another way Che present compositions cop be used for 
11 N 1 > ?osi j 

nas bee nstrat* rune * t 

administration of the present glycosylated ieptin 
10 proteins results in weight loss. The body mass lost is 
primarily of adipose tissue, or far.. Such weight loss, 
or maintenance: o£ a particular weight, can be 

£ u i&t ed wit:> the pi event ;o; oi t> ruct i e t of 
uoncooutsro coed tions, such as those belo* and 
15 therefore oust t t« < therapy c application 
-x)*- - _snj ^ 
compositions and methods may be used in the prevention 
or treatment of Type I or Type II diabetes, As Type II 
diabetes can be correlated with obesity, use of the 
20 present invention to reduce weight (or maintain a 
desired weight, or reduce or maintain an adiposity 
^ v - - ~i < - " ^ . < ~ < - of 

diabetes. .Moreover, even in the absence of dosages 
sn fsi , : n pht loss, i 

25 compositions may be used to prevent or ameliorate 
'i ; obei e 

Adxuinistratioc of the present compositions 
may result in an increased sensitivity to endogenous or 
1 & en all: an a low an ind c to reduce or 

30 \cc, ^n _ - <r- -w 

i req « j i sest ! ype &i >eu it -i 
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> tioxis and met > he r 

of blood lipid levels. Ideally, in situations where 
sole > reduction It- bio I j pid eve ~ > desired o> 
where maintenance of blood lipid levels is desired, the 
dosage will be insufficient to result in weight lose, 
Thus, during an initial course of therapy of an obese 
P«d £3 ii sages -cay be admin stersd - ere::?, weight 
loss and concord carl blood lipid level lowering is 
a hieved, - sufficient weight loss is achieved a 
dosage sufficient to prevent re-gaining weight, yet 
sufficient to ainuain desired blood -pic eveis or 
other condi r.ions as set torch herein, for euasspie, may 
be administered. Thus, if a dosage resulting in weight 
less is observed when weight, loss is not desired, one 
would administer a lower dose in order to achieve the 
desired blood lipid levels, yet maintain the desired 
weighs. See, e . g . . PCT Publication WOS7/06SX6 herein 
incorporated by reference. 

. ^ — ic 1- o: bc^ ;n , 5 - x • - 

Ideally, in situations where solely an increase in"' lean 

mas e 2d f ge will < su f t i c lent 

to result in weight lossy Thus, during an initial 
course of b- crapy of. an obese person, rlo-osges nay be 
admin i stereo u- <• weight loss and c < j tat 

4 iecj wo,:, lean :ras ; Dree c sved On >•> 

senile ecu weighs lose - achieved : iosag-i sufficient: 
to prevent re-gaining weight, yet sufficient to 
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similar dosage cons idsrat iocs may be taken into 

~ 1 " i » - be 

' 1 * ■ - 3ut i e n. t t &acti ~ o u s i is e 

(or, potentially, amyliap atr/lin antagonists or 
5 agonists, or thiaroiidiriedlones , or other potential 
diabetes treating orngs) an individual would be 
administered for the treatment of diabetes. For 
increasing overall strength,, there may be similar 
a^- i "■ v a^.o .a - • , , u - |^ 

10 ccnooK-ita i ncrease - ;. overall a ra sgth ma:; o< 

achieved with doses insufficient to result in weight 
loss. Other benefits, such as an increase in rod blood 
cells (and oxygenation in the blood) and a decrease in 
bone resorption or osteoporosis may also be achieved in 
15 the absence of weight loss. S.g. .. per W097/18833, 
published May 29, 1997, herein incorporated by 
reference in its entirety. 

compositions and re roods cay be used in conjunction 
20 with other therapies, such as altered diet and 

exercise. Other medicaments, sued as chose useful for 
s h txea rr- diabeu >e.g use j s:r1 pes b,r,ly 

amylin, antagonists or agonists thereof, 
thiarolidinediones, or other potential diabetes 
25 treating drugs), cholesterol and blood pressure 

lowering medicaments (such as those which reduce blood 
lipid levels or other cardiovascular .real cedents } , 
activity increasing snail cements {e.g. , amphetamines ) , 
diuretics (for liquid elimination) ,. and appetite 
30 suppressants (such as agents which act on neuropeptide 
; eoeptc i >r.a inhibits ?a 

fat uptsl > s re hn 

simultaneous or may be in seriatim . In addition, the 
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designed CO alter the overall appearance ox a body 
throb • liposuction or laser surgerj.es designed to 
reduce body raass, or implant surgeries designed to 
increase the appearance or body mass;. The health 
bene.tr ts of. cardiac surgeries,, such as bypass surgeries 
or other surgeries designed to relieve a deleterious 
condition caused by blockage of blood vessels by fatty 
deposits, such as arterial plaque,- may be increased 
with concomitant use of the present compositions and 
methods. Methods to eliminate gall stones, much as 
- - i v ^ ^ s sex methods , c.a\ e e 3 ei the 

prior to, daring or after a course of the present 
therapeutic methods > Further-more, the present methods 
may be used as an adjunct to surgeries or therapies for 
broke; >o.ns darn; < le, ox ot'h s t erap o_ ^rich 

would toe improved by an increase in lean tissue mass. 
s t . " . r tur e 

As indicated above, it has also been observed 
t n ^ <- , -c 5 * s > ■, f s - 5 t 

mature protein sequences may improve giycosy ration 
efficiency. in this regard., she term "signal sequence 5 ' 
{sometimes referred to in the art as "signal peptide"; 
is use so denote optic f - lear the to 

^rniij > oi 1 he mature proten usua r. =5 bout i to 
1 >o 0 am i re phobic amino 

acids, which facilitates secretion of the mature 

otein to to ndopias" r et iculu; 
v ) rt f " c thus x rubra egit it 

5 me c sours. Sigi 
sequences are. cleaved - -he. mature sagi.ie.nce prior to 
the secretion of the name ; r : . 0 See Watson et 
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, Molecular Biology of the Gene-, 4 r "' Eoh , 1987., at 

ROOI i , li 

j.nc. f Menio Par.;-:;., Call fornia ; herein incorporated by 
rererence, In ,. 
b so - i v. n - - t. „s- t <- - a 

naturally occurring ieptin protein have been used; and 
have been found to improve giycosylation efficiency of 
multiply glycosylated leptin proteins, 

For example it: has been found thao t as 
10 compared to the native human leptin signal sequence, 
the signal sequence nerval iy found connected to one 
tissue plasminogen activator sequence, when used in 
conjunction with the expression of various of the 
mltipXy-glycesylated ieptin proteins described herein., 
15 results in higher levels of giycosylation (e.g. , 
glycosyia^ion moieties at all suitable sites in 
higher proportion of the expressed molecules of mature 
protein) , 

Therefore, the present invention also relates 
20 to a method of manufacturing a glycosylated leptin 
protein comprising • 

(a} colouring, under suitable conditions for 
expo ess.-.on f ho «. u n/- , t a o OPt r,eap r < 
encoding, in the S ! to J' direction a signal 

25 sequence, and < i h > a PPA encoding a glycosylated leptin 
protein; and 

(b) obtaining said glycosylated leptin 
protein. 

i i ho; ~c . , i>>< .'s,. o; 

30 invention relates so a method of manufacturing a 
gl ycosy 1 a t ed 1 opt .no pr o t. e i n wh or e.in sa i c a i. gnal i s 
selected from among: 



\ s cmn > ■ ff : 



i-^i t - K - r; i . -^ , . 

s h Q II tod if iec rn t- 

- - : " ~ ^ t ** , ' . ^ go 

signal pep t. id* I c Q ' s ~ ^ 

d M< HO, 6) (Modified human ieotin 

« * i . - d . >>• 

< (SEQ, ID MO. 7; nrod.i fled human lepoin 
signal peptide } FFiPGFFCGFFWFGPYLPYFSFS 

if) J SEQ. ID NO net i ve human r. PA signal 

pept i Ge } f«DAKKRGLCCVL=LLCGAVFVSPS 

-' SEC rp n \ r, ve human l ~ ;i.ana..1 
Pept ids } MBAMKRG LCOPLLPCGh V FVSP 

peptide; MDhr CVLL1 . SNS 

ix) (SEQ , ID MO , 11) {modified tPA signal 
o i t <■ - < N ^' T <. - t o 

ij) ( SEQ « ID NO , 12) (Leptin/tPA sianal 
^> ?pti d ! H XFFP 0 r LLl XPvPd?; 

<k) (SEQ. ID MO. 13} (Lnptln/tFA sianal 
pept 1 de ; IGGFGILCG FGFLCGPP FPSP 

Belatedly, one map use nucleic acid sequences 
1 such signal peptides. The below OFF 
as, with the exception o£ the modified human 

- 1 " - n v s * s „ i„i \p 

•i wss not done, were used as described, in the 

examples below to encode the correspond inc 
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S ~ ' v- „G 

SEQ, ID NO: 17 {modified human ieppln signal peptide 
tttcgcccgct 

SEQ, IP .NO : IS (modified human lepuir, signal peptide 

A1GGA GGGGGAGGGTG CGGAi XiTPTGGGX XGCTTGP ! 

TTTOGAGOAOG 

s nal pepr.i.G v " i 
^ ■ GTGGG ;a jagg ;ctg : tgctgtgtg( gtgtgtggaggagt< 
tggtpgggogoggg 

SEQ. ID AO: 10 ( native human t:PA edqnal oexviide DKiA; 
ATGGATGCAATGAAGAGAGGGCTG^ 



v - ' _ ZG< 

ATGGA?aCAAaXiAAGAG^GGGCTCTG01X31X^i:GGl : GOTGCTGTG : Tv-iGAGrAGTr^ 
< . : . . , \; - 

30 

SI- N v 2 t n tide DI 

AXAAPVAXXPATGAAGAGAGGGCPCPGGPGP 

TGXiGPTOGOGOGOT 

35 Gl\ " ) - -.t : \ G i! 'A' 

ATGGATTGGGGhAGCGPrGTGGPGPGXlXXXAGPXTGGXPAGAG 
' ; A G , 

SEQ. rn po; ?4 (Leptin/tPA .signal peptide :DPA} 
40 G ( ; g CTTGGTTT 

CGGGO 

me may select 1 seq m: >ss ovet t 

esse dialed ; igl ^: o>i "Gs - Plana 

45 segnencee which nay be ased are those native to 

} < ri&i Gtu 

t > uG,ii von Mill ebr am et r 



" " ~ ~ NN , - - 1,1 

& *\ s - v c } e 

proteins, human or non-drumac (such as other primate, 
mouse, rat, or other ramnmal), which are secrered in 
5 eutaryotic cells. For yeast cells., yeast. factor , and 
others rev be a sea . Also various ether genes have 
leader sequences which may facilitate secretion of 
^o*-e-a- ~, f ... . ^ <^ ; <i ^ C ,. N „ , 

^ > nan preproi a : .o, a oov ne 
ID growth ho.rmcxae. 

One may also optimise the amino acid 
compos.: none of the signal coco ocean on a trial and 
error basis to improve yiycosylat ion efficiency, and 
prepare non- naturally occurring signal sequences, For 
15 example one may increase the number of hydrophobic 
amine acid res does o a tei he sian ] peptidase 
cleavage Kite to increase the amount of time the 
protein spends in the membrane, in order to prolong the 
time period in which the pro tain is exposed to the 
20 cellular i: ~ - - which accomplishes glycosyiation 

{"machinery" being a shorthand term tor those enzymes 
and other moieties which perform glycosyiation within 
the membrane region of the cell}. 

It has also been found that substir.uti.on of 
25 c I savage e (the u at n sbox 

terminal end of a signal peptide at which the signal 
peptide is enr.ymaticaily cleaved to generate the masure 
protein) with a different cleavage sir.es may provide 
' ! " * < i utagu >artic u $ na.mra ^ 

3 0 cell systems, ana increase glycosyiation efficiency. 

Previously, those skilled in the art had altered oasyme 
cleavage sites of prosegue.aoes (see below} relating to 
s \ p; i apt ids 
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leptin protein resulted in a higher glycosylate*, on 

peptide. It un further found thai; the cleavage site 

of thi a serine -gnu reee u signai p« de she; 

substituted .euu, the native human lectin signal 
peptide, conferred improved giycosyiation efficiency 
over the use of the non-ensdif i ed native human leptin 
signal peptide. 

For particular proteins, the site serine- 
> " FPF > ma> o ) .: >p o , hi 

giycosyiation efficiency. For exaople, as described 
herein, substitution of the natural human tPA signal 
peptide cleavage site with an "EPF" site resulted in a 
high yield of correctly cleaved glycosylated leptin 
protein (having giycosyiation sites at positions 2, 47, 
69, md M - eleavags te« ii ; idi t r te- 
prcuine-serine ("SPS" } , serine-asparagine-serine 
^ " SUS" ■ , serine- proline ("FP" . and ssui ue- pro line - 
alanine P'SPA" } . A new cleavage site nay be 
substituted into any signal peptide by known methods, 
including site directed mutagenesis of encoding DMA, 
SKA synthesis, and alteration of genomic DPA within a. 
ceil. One may choose to manufacture a signal peptide, 
particularly a signal peptide not found in associated 
with any known secreted protein, such as natural signal 
peptides, and include a cleavage site as above to 
(VS - c.a;< .1 r : ccs\ tic " s£ i. bone-. 

Some cleavage sites, such as the serine- 
proline -car ice cleavage site of natural human tissue 
- inoge S ateu i 'tPA" , ai s etely ( 
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'Thus, there leaves a serine residue at the .n, „^ 

positi< he prese cion i - * 

5 present Xeptin glycosylated proteins having, or 
)ptionae > having >ne chooses to use a i s set 
cheavagc lie, one or ci , 
K- terminus of one mature protein sequence. 

I'he p sen Lover v ^ ei.ee inciov -.ore 
10 specifically, glycosylated ieptin proteins having 
a serine, arginine, proline or alanine 
residue at the -j. position, 

a serine at the -.1 posi rice and a proline at 
the -2 position, 
IB a > ii » „ < » ( h. „ j , .. 

2, ex-id -3 positions. 

a serine at the -1 position and an arginine 
at the ~2 position, 

a serine at the -1 position, an arginine at 
20 the ~2 position and a serine at the -3 position, 

an arginine at the ~1 position and a serine 
at the -2 position; and, 

an alanine at the •• 1 position and proline' at 
the -2 positions, 
23 In addition, there may be signal peptide 

cleavage sites which cleave a portion of the mature 
protein. Thus, as indicated shove, the present 

v <. A <- - - > ^ - v C { 

leptin protein, such as those having up to arc: 
30 \~ -* t i „ ^~ t, > „ , .,.- v ■> <- t > 

> > r* i <- r * s. >. n*- - 

protein of SEQ. ID PO: 1 or 1 . having the subject 
gl: c< y.i; ie 
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u a - "^u,* ' ~v-t s - 1 - . ^y.a- e\ 

r t . ; - ■ ^ ' „ 

(aicultericg, under suitable conditions tor 
5 expression and glyeosylation, a host cell containing a 
scauance eru no - , he 1; , t m j * 

5 amo a t ~,r \ v - i 

protein; and 

(b; obtaining said glycosylated protein 
10 wherein said improvement comprises use of a signal 

peptide having a peptidase cleavage site optimised tor 

- ya v. V ; - (--rv . 

The non- naturally occurring cleavage site may 
be selected from among SK, SP, S3?S. and SPA. The 

15 signal peptides and glycosylated lectin proteins as set 
forth iii the specification, including the working 
examples,, are illustrative, although these methods and 
compositions are broadly applicable to a wide variety 
of proteins sought to be secreted and/or glycosylated 

2Q: by a eukaryotio ceil . Such proteins include but are 
not lira ted to tissue plasminogen activator. Factor 
VIII and other blood clotting rancors., erythropoietin 
and analogs thereof, and other glycosylated proteins. 

It was also found that, in conjunction with 

25 use of the native leptin leader sequence, use of a 

- > ia^~ ' c.„. is,, ^ . vs. ,lsit.u 
efficiency* A "proseqoence* is an amino acid seguence 
op* mally havin e rsotif R~X-?./Kd daer< ^ anv 
amino acid <and the one letter abbreviations are those 

30 conventionally used, see infra) . The prossqaence is 

cieavahis {after the final R } with furin-like proteases 
normally present in CKO cells watana'be et ai . . FEES 
1 e 1 1 or s , 32 0 - 215-2 3 S f 1 9 5 3 t i he re i n incorpor a ted by 
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reference) . The ability of CHO cells co cleave such 
s ^ N is bee \ - , > ? > > f > 

Yansgita et al . .. Endocrinology 133: 639-644 
5 (19935 {herein incorporated by reference; . For example, 
" i-i * 

i von ! o at uder; wid w d cd - e •ree^quence 
by furin. Better prosequence removal could be achieved 
by charging this valine to a more preferred amino acid, 

10 s\ > ; v > -j j 

acid be lore the valine (by, o . g . . site-directed 
mutagenesis or other s-ethods available to those skilled 
in the art) . Therefore, the present methods also 
optionally include use of snob prosequences in 

16 conjunction with the natural leptin signal peptide or 
with other signal peptides. 

The present invention also encompasses 
compositions, such as nucleic acids, vectors, and host 
cells, such as those recited above and herein 

20 incorporated by reference., which contain nucleic acids 
encoding the present altered signal peptides end/or pro 
sequences . 

EXAMPLES 

"Xo t-Uf o. -g v - - . 

25 fully illustrate the invention, but are rot to he 
construed as limiting the scope thereof. 

- nnp.l amonstra s tire ho > d: j- 

aeasureit - virion slyc syla-a I ept as 

Example 2 demonstrates the in vivo biological 
30 activity of a one-site glycosylated leptirp denoted 
"N48T50 ;: . Tfos example canons traces chat this 
1 cosylatu 5 o?pt ? has activity c g least equa iv. 
1 ve i > ■ ~ cling glyc do: 
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.biological activity of additional 

hsample o as rate 
activity ot two -site glycosylated Xepti 
te.nas of a receptor binding assays . 

Example 5 demonstrates the effect on 
giyoosyiation efilcieecy of using a threonine residue, 
rather than a serine residue, in toe giycosyiiation 
c < 



aaiaceiit: to foe consensus sequence affect giyoosyiation 
efficiency. 

Example ? that a three sice glycosylated leptin. 
protein has a substantially longer systemic circulation 
time than a on "glycosylated leptin, 

Example 8 demons t races in ob/ob mice that a 
three site glycosylated leptin protein has improved 
weight loss biological activity as compared to non- 
glycosylated leptin. 

appetite suppress - - y a omparec to 

non~ glycosylated leptin . 

Exa;spU I demonstroo s s mod rice that 
intermittent administration of a three site glycosyl ated 

V 1 c ^ - l ~ i < - -n , 

c o mp a r e d t c sit o n - g 1 v c o s y 1 a t. e c 1 e.p t i u <, 

Example 11 provides additional dose response 
studies using a three site glycosylated leptin on wild 
type animals, demonstrate:'. ng than a far lower dose of the 
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woighr. loss, as conceal ed to, noa-glycosyi a tea Xeptxn. 

c 1 :eur, „c rr<:<i;ucyy;/ scru.ie;; 

using a three sice glycosylated Isptin on wild typo oice, 
5 and demons t rates chat a tares site glycosylated leptla 
may be dosed less ireqoen tly than non~glycosylated ieptin 
Co obfca the same v ? resj i la 

Example 13 sets forth additional soil cipie 
glycosylation site ieptin proteins and in vitro 
10 biological activity data. 

Exams 5 - 1.4 sets re tin. aypca rsi a and 

giycosyiacion efficiency of a three site glycosylated 

^ ~, t ^ - - a >o , <o*u .a 

other sequences affecting glycosylation or yield, 
'Mi Example 15 sets torch additional expression 

data on a variety of csulciple glycosylation site leptin 
proteins using various signal peptides and other 
icru > ion or yield 

Reference Examples of sn&chods usee herein 

20 follow. 



f .or . * v 

Stokes • Radius of Various Leptins 

25 The present e«i eo aces that varix 

leptins have different Stokes' radii, as determined by 
gel filtration. The present example also deinonscrst.es 
the consistency of the gel filtration method for 
' i the Stokes' radius of a single lepcin 

3Q glycosylated protein, as ohen repeated .measurements were 
takern- cos- sieasv rescues varied hy less chain 2 A. 



- , - - 

ca.rr.iaai out on a Pharmacia FFCC syar.en equipped aa :o. a 
Unicorn controller for system control,, dots, acquisition 
n - < sis ' dc; ctor an > r - t ; 

- : * una performed a C sad ai a ; lav aa of 
0.25 ad /us in on a SnperDex 200 {HR10/3 0} column 
equilibrated in Dulbeccos phosphate buttered ealine. 
Protein samples, dissolved in elation buffer, were 
applied to the coinmr in Co 25 ml volumes containing 0,1 
A.230 as determined by a Hewlett Packard Modal 8435 
Spectrophotometer , 

- tandard pro cei 
Gal c L v . - 

and Low Siecula 'eight a used 

by the manuf actor or to calibrate the columns > (&&■. 
recommended by the manufacturer, catalasa was not used a 
a standard. 5 Additional standards, including human 
era sferrin CiSAj. soybean trypsi inhibitor '22t 
horse muscle myoglobin {19 k) were purchased iron Signs 
Chemicals. Slue Dart ran (Pharmacia Gal Filcratian 
Calibration Kit) was used to define the void volume. 
Values for the Stokes' radius (as • fcr any of the verier 

^ le-hKah- 

va as where Kav ~ (Ve-Vco /Vr,-Vo ana So is the elutioa 
! >e of the prot.6 md is 



Super Deo: 200™ aa the goi filtration materi al , the 
tol iocs aq Stokes ' raa.-.i ware determined for rHu-Le 
1-146 (SSQ. ID JOOu 1, below) having the following 
glycosylatien sites ; 
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Stokes Radivu i ri Pepsins 











-Lsptis 1-14 6 04>3ThO 


23 A " — 


riiv. 


<tt' - - 


24 4 


x H - ; 


■iepthn 1-146 P4" ; 59, 


31.9 A 




1 rv> 








rH'u 




32,3 A 




•osylated .leptin protein n 




yf three site 












i Stoker' rac^us i r v "' o «. 




is 32,1 .4. tee 








j., ■mi- 


iscency to one Angstrom. 




x-rison, the same 




-'-'v' o m ;.totc N n h 




radius of 31.2 A 




determined by sedime&t&t 


ion veloci- 


P (using standard 


s' c-U 


ods not derailed hptxi) , 






the sujlyc s\ let 5 s 


leptin pro; 


em (rnetH-r- 


Lepl 


in; , as well as 4 he r.v*o s 


.ngie site 


glyeosylated 




in proteins, .had Stokes' 


radii less 




wi X I 


foe demonstrated in the working exar 


pies below, she 




50 Glycosylated leptin protein had 1 


iological 


acti 


' ' ^ ; ^ . : . > \, : ; re 


•Leptin. I 


he three- site 




osylation procein {47 f 69 


W2) had 


snbstant i ally 



improved biological aotivity in corns of inoreased 
circulation time (and therefore increase In vivo exposes 

to ' 1 - < - * - ' 1 : . . 5 - - - ..> 2 , 

the ? r b, „ , ^ - „ ^ , „ . o i. h:i 

K " s,t ci roalatio - ? ty as - n r.q the ii - n a >i I it 
and L tiros > - ldne> 
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Id \_ Biological Activity and Serum < > t Tim 

< One - Site 1 - v f4ST5'C 

3 Phis £ van A demons traces than s or s < 

glycosylated leptin has biological activity 
approximately the ease or modestly o , from 
rae.tHu-.Leptia 1-146 tSEQ, id nXA 1} . The giycosyiacio: 
did not hinder activity or prevent receptor banding. 
.10 Partner, tl the sernr 

Circulation r I mo of a one-site glycosylated leptin is 
the same or modestly longer than .met Hi; tares in 1-146 

a xx s - c ix ered the om > 
IS glycosylated lectin or nfietHu- Leptin at the same dose 

sacrificed, and fat concent examined. Ac compared to 
rmetHo-Ieptira administration of the one-site 
glycosylated leptin resulted in approximately 25% 
20 additional fat loss. Tina demonstrates that the 

present glycosylated leptin compositions having a aoo- 
n& rurally occurring giyoosyiatioa site retains 
biological activity. 
Methods - 

25 1- iAgmi > ~ Lt 

glycosylated leptin, AP4$T50" had the ammo aoid 
s < e of n - to. lepti > i . id 1} 

wi th the iao.lenci.ae ( " r " 5 at position 48 cahoot i toted 
with asparagine { ,X N" } , and the next two amino acids 

3 0 remaining {leucine i "a" } and threonine f "T" } } without 
substitution. For daily dosing groups tlQO ul 

vol a * asa dose 

? ? g ml cos 10 mg ^g a< j 
only dosing groups: 5 ma /mi concentration, 400 ui 

35 injected, 100 raphe dose. 
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Age.. ^xkL.1S;MILIL ; Arm sale were age a- 10 weeks 
and weighed approximately 20 g each. 

■' ■ dchdwgcCywAi on . A!., the begiuco ing of each 
study, mice were weighed and then in;i acted with sample 
a bolus subcutaneous lyu 

Weighing.- Baseline wewwh «as determined in 
animals allowed to acclimate in animal facility tor 1 
week prior to study. Baseline weight was taken just 
before receiving the first dose. Weights were 
rtion.U-.ored daily throughout each study. Aster final 
weights were recorded, animals were sacrificed and the 
amount of abdominal fat was graded from 0-3, with 0 
being no visible tat remaining, and a score of 3 
reflecting an amount of visible fat in a normal animal, 

E.gtS.:glt.so Mica treated daily with. rmetHu- 
lectin (1-14.6) expressed in E.coli lost: weight relative 
to ' i r> shown ig\ i ag.Iy 



set 



i ' the /laced i< 

t a - tc \ Hi U ptia ' 4 , n 
In addition the weight loss persisted longer fo~ 
iy< t in rot v a t w hi: 

" ^ ° < ami f LHs - iept 

r50 Lepti treated rr i wb. ai that 
with both forms of leptin had reduced amounts of 
abdominal fat and that the accent of abdosni.ua 1 f 
reduced wish increased dose. This indicates the 
glycosylated leptin is effect ice at reducing fat 
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concent and it can fee administered less frequently than 
unglyeosyaated rfnetHu- Ieptin , 

r " tiblwaA - * ~ ^.mti? 

- - - _ < j- 

administration, a - ingle-slue glycosylated _< i> has a 
longer hair life fchan non-glycosylated Ieptin. For 
s )\ r. ane o o s a do : : o i s ~ r a l i o a . the " i r c u I a t i. on t. i ran; > e 
similar tor both the giyoosyia ted and atacuylycoovlat ed 



kbe — ;: . A one si to o • a - <-o, i ieptrrn as 
*dco v - w < use foroa i at 1 

in Duibeceo's Phosphate Bur tared Saline without ca lor urn 

d d'd aith :; , i bborid Recombinant 

methionyl human ieptin X--I46 OSEQ, ID NO; 1 with a 
methionyi residue at position -ad , expressed in .Ha coii 
was used as a control, formulated at 2.0 tag /ml in 



aai ; iddd,,.dadtlida:idl.;. 32 din; rbycowt wwred lepcin protein; 
and c * - -.a ; , i * p - ^ c go 
River Laboratories, Holi later, CA! 

dddirdadnai : Arworads were aponrr: iewwely S- 3 woehs old 
and weighed approxrinaf ely 3 0 pa\v 

dr^.^iia^bi^ldldi ; cmorahw: were Iran vidua! 1 y housed ana 
fed 5 ° " ' ! ^ 1 , os c > _ 

animals ware handled in accordance with good on:. orb 
ar r < - 

3 . . ^ . * ♦ - \a? 

with glycosylated ieptin at. a dose of i.O mg/kg body 
weight intravenously ;IV} or subcuteneously (SCO . 
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4 - ihbb : - Animals wsrs anssthetiKeub and 
h.c a ease. ^ - - , \~ v( . - ^ x -w 

using standard cardiac puncture techniques. The a a run 
concentrations of glycosylated lectin ware determined 
5 using an raaanaaaaa: as described a -<\ - , 

:l.lLaa.ii;.a.t; • • The circulation . - data 
osiparec pre vssiy obtained a 
hep tin, at the cane dose, la similarly si sec animals, 
as cay ahe same routes of aduh.nis tr et ion . 
10 U'-urwtS: 

of glycosylated Leptin and rrnetKu- Leptin in -ice 
Comparing the IV dace, glycosylated Lectin exhibited a 
lower systemic clearance LSGO ~t ho us. 676 Kc 

IS * * * c ijtr:ir as.; f. - life i 1.24 us S3 h* . 

< button sad i were 

similar between glycosylated Lectin and rmetHu---Lepti.ru 
These data indicate that the glycosylated protein was 
cleared slower than rmet Hu~ Lectin from the systemic 

20 circulation, therefore increasing the halt-life and the 
exposure {sue esuiaaces or 1000 * vs. 1480 
ng*h/a;Lj . Following the SC dose, similar peak serum 
concentrations (C :(; , ;X ) were obtained between glycosylated 
Leptin and rraetHu- septic {1230 ng/mL vs. 1380 ay/mL; , 

2 S a * - v > x _ ^ * t v , ^ , 

glycosylated leptin. Similar exposure estimates ; based 
on A- ay were obtained for both molecules. Subcutaneous 
faioavai Lability was approximately 60.5% tor the 
giyoosylat.ed leptin vs. 75.6% for rnetHe- Lectin. 



30 
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Tabl e 












[lyct s\ it 




C} and rs:etK\n-Lsptie Fc 
Administration 


uOWing iV anQ Sl 




0 I'V'C'OSVi. 3 ted 




Ratio 




Leptin 




: : yccsylatea 
depths/ top tin? 










i-.,,- {hi 


0. 5 


0. 16? 




C !!: , sx (xxg/mh) 


123:0 


1380: 




AO';:: {ng«h/mle 


1210 


xiao. 


1 .03 


*»/*,•*» (&> 


0 , 552 


0. 541 


0.96 


F (%dose; 


60 * 5 


79-6 


0. 76; 


IV DOS0 








AUG (ng*h/nL) 


2000 


1480 


1.35 


tj./ 2 . .n, (b). 


1 .24 


0 . 733 


1 • 69 


CL (mL/h/kg) 


500 


676 


0,74 




143 


150 


0 . 99 






cher one- site 



location tor alteration t; - le a glycosyJ tic: sit 
is based on the numbering of SEQ. ID NO; 1, above, 
which is rBu-Leptin. 

Protein was expressed as in the Reference 
?pti - pea 

>eptide a s _ e expressio < ts we 

shea put through four types of ana lysis one t hods as ad 
are described below) : 

The 

yield of protein was compared relative to rHv-i.eptin 
1-14 6, as expressed in COS sells. The amount of 
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giycos 
total 



B; 



tti 



In - - t , Qf - 

proteins prepared were compared to radio -labeled 
rHo--I,eptin 1-1 "Or.o < S p 

receptor, according to mettaodo described below. 

iilbl tit - > r -e ~i_c Lip 

.evpe. m an in vltrfi. assay using a chimeric leptin 
receptor., as described below, glycosylated leptin 
proteins prepared were compared to rHu- Leptin 1-146, 
according to methods described below. *ND* means that 
the data are not available because experiments were not 
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5 according to SEQ . 10 HO: 1, which is rHuOLep-:in 1-146. 
The particular aecuence lisfced ie^., il 53", - 7 7". etc. ) 
indicates the ">c positioc c> the consensus 
clycosylc-n on secucnce o 7 *.H - X - 0/7'" . 
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fts - ut } ? see* v. it the s t g e 
a! w ^ ^ * r ^ n;v t ^ ,^ 

co unglycosyiated lectin, :c;:;. single stte glycosylated 
leptin proteins showed no su.bsuanf.ial increase in 
5 biological activity es „< 1 by the in yxt.ro assay 

used herein, except: for the protein o:o:h a 
glycosylate on site si: position I'bb which appeared to 

analogs were secreted at normal or higher levels and 
10 most had receptor binding activity comparable to rHu 

Lectin 1-146 expressed and analysed in the sase manner - 
Surprisingly some of the glycosylated leptin proteins 
had low jog yitpgo biological activity even though they 
retamec reoeptCJ tad ;g at ivltv on the 

13 glycosylated leptin proteins could be divided into 2 
ciasses according to whether they retained in yistgtj 
biological activity or not. The glycosylated leptin 
proteins that had low in vitro bioiogieai activity may 
be leptin antagonists. 

20 

In vitro biological activity of two-sits 
glycosylated lectins 

25 As presented m Table 4.01.. various two-site 

glycosylated leptin proteins were also produced and 

\< doc c tc^ i u o:.o. 5 ; .oc. - 
Notations and abbreviations are the as no as those tor 
the Table 3.1 for the one-site proteins. 

30 ly cosy let i 1 

appro annate percent oi material which had one chain or 
two coat ro as determined by visual emanation of a 
bestern Blot .. as described below. For example, for the 
^ v t * 2 n * th« 
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Many glycosylated Xepfcir, proteins contains 
o : • s o £ > glycosylated site t to 
which retain receptor binding and display biological 
activity , 

Example 3 

yepro voces t o f: Ol .y cosyli t.i os S i i i c i or,oy 
Dying a Threonine Rather Than a Serine in the 
< ^ 



c, ; u 

glycosylation site efficiency is improved using a 
erine - cosyl 



wo mmm 



consensi-s sequencfc. In this Example, ail arcd.no acid 
sequence locations for alterations to include 
giycosyiacion a e base 

ID NO; 1, which i a rKu-Leptin 1-146, 
5 Glycosylated lectin proteins were 

constructed., expressed., and ana.: y ted using sethods in 

~ Reference Examples., beioac The results are shown in 
F - a s rhi croduetion of a aeie glycosylatio* 

ha doui e rnhstictu io k 0 SI' . ) NIC 
10 reset ted i a addition of ^-linked carbohydrate and the 

PAGE as determined by Western blotting) was 

! tia sore than with a i JIG2 
substitution. This indicates that more of the protein 

15 molecules having a threonine in the consensus sequence 
were glycosylated than those having a serine in the 
consensus sequence. Thus, the glycosylating efficiency 
In this expression system is higher using the consensus 
sequence Asn-Xxx-Thr than when hsn--x?cx-Ser is used. 

20 As such, use of a threonine residue is preferred. 



25 

f " - x - - a v. .... ' <. N 

efficiency is affected by both the amino acid in the -1 

from the asparaginic residua ra the consensus seguence. 

It was found that rHudLeptrn 1-1^6 with 
alterations of: 8B$ r HIDO, Slid was more efficiently 
glycosylated than the same alterations lacking the 



wo mmm 



it >..«« i ? 



~ 78 - 

that subst.itut.icns- around the consensus glycosyiation 
glycosyiation sice occupancy.. 

substitution resulted in 0-g.hycosyiaci-oa of the Ieptin 
presumably at position 100 This indicates that either 
0- linked or &~ linked carbohydrate can he added to the 

- 1 — ° ^y - a uc -\ s „ $ _ _ 

that is made, FIGURE 2 is a testers Bias comparing the 
M- links:.; glycosyiation site to oho 0-1 ink ah 
glycosyiation site, as indicated, As can he seer... use 
of the sequence " TAS * as indicated fwith. reference to 
SEQ. ID 140 ; .1 j results in 0-1 inked glycosyiation. 

EXAMPLE ? 

Improved, systemic- circulation time of a. three 
sice glycosylated ieptin 



20 This Example demonstrates that a glycosylated 

ieptin having greater than one glycosyiation site has a 

s-rculasson timt which < su> sr.aatidli usyer r.h 
non -glycosylated recombinant human Ieptin, As can be 
seen, glycosylated ieptin exhibited a 4 - to 5-fold 

25 decrease in systemic clearance and increase in na * 

compared to rmetKa-beptin . Although chore was a small 
decrease in subcutaneous bioavailability {-10% decrease 
as - v mp re; - - :< yycx ted iept.-u 

still resulted in a higher drug exposure following 

30 subcutaneous dossay , 

1 ■ Septra. A three site glycosylated ieptin 
as ^ < - - „ \o 
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32) was used, formulated at 1.76 mg/ml in Dslbeeeo ' s 

msthionyl rummn leptin 1-146 ;SECw ID NO-. 1 wit!; a 

fv ik _ residue . > „ * - •-:];.. ere res sea in E. cell 

was used as a cone sol ( ixumni ated at- 2.0 rag/ml in 




10 and . (for r-iYietHu-Ieptin) male CD-I mice (Charles 
River Laboratories, Hoi lister . CA? 

^=Z:i?j^di. ; beuoals were approximately 1-9 weeks eld 
an 3 v - - <> ? x pproxis sly 0 * i 5 

<- > " > - > ! , h : ;:<u <-ei 

15 - i i n^f- * ^ t ~ t ,k . * ) 

aniss&ljs were handled in accordance with good animal 
handling practices. 

3 • " - s iorn sra/asls were injected 

with glycosylated leptin ac a doss of 1.0 rug/kg body 
20 weight intravenously { IV; or subcutaneous iy {SO . 

■b x , . • •- ■ - * and 

blood samples were collected at. designated time points 
using standard cardiac puncture techniques. The serum 
cencentrat ;,ccs w giyessy lated leptin were denervrd ned 
25 using an immunoassay ;ss described below; . 

• ; • yts'^bsilbt' 'Ide ei rowan; or ties data 
were compared to previously obtained data for meter 
Leptin,. at the same dose, in similarly sired animals, 
as ::.nn the same roiit.es or administration. 
30 uhahini : Results are illustrated in FIGURES 3 

FIGURE rat c wiru? > " ' - s i - 

concentration a iter subcutaneous administration f and 
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FIGURE 4 is a graph showing serum Ieptin cor censr a ties 
a f t a: i • i c ra venou s ado. iris era r. i ea . 

2a enei ; foli iuc ir ~.i l\ an 5 Si 
administration of glycosylated ieptin having a Stokes' 
5 radius greater than about 3 0 A, serais concentrations were 
higher than those observed for rest Ho - near..; a as well as 
that: for a single-site glycosylated Ieptin (K>48 T50 } . 
For rraetHu-Leptin, serum concentrations declined below 
1.0 ng/oL within 6 hours after hoth routes of 
10 adad.ru strati on; whereas serum concentrations of 

" ' ~ ' ^ N »" - 0 - - " - , 

after IV or * administration. 

Table 7,1 shows the charge ooki net io parameters 
of glycosylated Ieptin and r»etKtt~L«ptln in mice. 
iS Tabl e 7,1 



a< caa ere of Glycosylated dentin and 

ri«tHu-Leptin Following r < . D 





Glycosylated 


Lepti.0. 


Ratio 








{Glycosylated 
Leptin /Peptic) 


SC. hone 








W : {h) 




0.167 




C-W (x-jg/nd,! 


1430 


1380 


1. 04 


AUC {ng*h/jiSL} 


5880 


iim 


4 . 93 




2.21 


Ga 541 


4,09 


F (% doses 


59.5 


79. 6 


0 . 873 


1 V Dose 








ASC Gig*h/mL! 


3350 


1480 


5.65 




2.76 


0 , 73 3 


3 .77 


CL {ruL/h/kg) 


120 


676 


0. 178 


V ss ;oL:/ko; 


15'/ 


150 


X.Q5 
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W. t&« IV data 
-n exhibited a 



5 at steady -scaue (V,P were similar between glycosylated 
leptin and rmetHa-dteptin , These data indicate Liar, the 
glycosylated protein was cleared slower than 
r me tKu -leptin. - , j the syscemic circulation, therefore 
increasing the ha £~li.£e and che ^mxs.co (MJC esc spaces 
10 of 83 50 ng*h-mh vs. 1480 ng*h/mLi . Following the SC 

dose, • see FIGURE 3; similar peak serum concentrations 

'« s obta oed between g yccsylated Le and 

rmetKu -Pepsin U430 eg/ml vs. 1380 ng/ral} , al chough there 
was a delay in the peak time Ct ;; , ( , z } for glycosylated 
15 leptin. Serbian to the results obtained from XV 

administration, subcutaneous iy administered glycosylated 
leptin exhibited an Increased terminal half -life (2.31 b 
vs. 0.54.1 h; and area under the curve («mC" } (5800 
ng*h/mL vs. 1180 n g»h .. probably due to the decreased 
20 systemic clearance for glycosylated leptin. Subcutaneous 

' ' 5 ' ' P' ct - U "> 

glycosylated leptin vs. 73.6% for rmetHu- Leptin . 



25 [ - t -(hx-ee S: - o 



corn- glycosylated retGrribinaic: human leptin, as can fo; 
seen, with daily adcdnistracion after ? days, oh/oh s 
lose HS.8 times mote weighr. with the three-sice 



wo mmm 



p s \ \ gm OA-l 



non-glycosylated leptin . 

method s i 

^ - .LlihrHb T -"- three - glyc 
leptin, prepared as described be lev/ 
102 , SEQ , m m-. 32} , was used, fort 
concentration of 1.9 e , it Dulbec 
buffer a saline pE 6 S Hesds^aiaau 
leptin 1-14.6 ( SEQ . id HO < 1 with a m 
-l) was used as a basis for compnris 
mg/mi in 10 rd.' sodium acetate with 5 
Ten mh sodium acetate with 5% sorbit 
as a vehicle control. 



temperature-., light-,, and humidity- controlled conditions , 
with lights on at 0600 hours and lights off at 1800 
hours. The Amgen, ? - animal research facility is 
approved by the USDA and AAALAC-accr ed ited . Si;-: r.emals 
ofy/oh saice (Jackson Laboratories} were used per treatment 
group. Mice were 2 months old at the time or study, and 
weighed an average of 45,6 grams . Mice were randomised 
to x -eatmenr groups such that the mean ;d\ weights >i 
the groups were equivalent prior to treatment initiation. 
As i male were boused two per cage and ted standard 
laboratory rodent chow pellets ad libitum. 

Is- Administration . All treatment procedures 
were approved by Smgerr' s Institutional animal Care Arc. 
Use Commi ctee . Glycosylated leptin, r -me tHu- Leptin, or 

' < 5 ~ O . * *■ * C vt h « < v . 

injection in the mid-scapular region in a volume of 0,1 
ml. The dose of leptin was 0.5 mg/kg body weight/day, 
for .» . od „op; ^;.c 
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1Tns injection.. Ail data are repo: 



as a as tne mean 



Results : 

As can be seen in 
g 1 y c o s v 1 a t e d 1 ep t i n { ■ ■ G E 1. er ; 
amount of weight lose, with , 
1 0,8 ± Ca 3 grams { ■• 3 3 . S i Ca : 
* * t C< a >" d; 
{ "hLeptin* ) produced an aver; 
grams (-3,5 ± 1.1 % of initi< 
administration of placebo res 
gain of 2.6 ± 0.2 grams (S.7 
weight). S'his Example demons 
improved in riyco biological a 
leptin as compared to noxx-qix 



u - *Ppetit« Suppressant :U:i : i Three --Site 

Glycosylated dept. in 

35 , 
human lectin .having a Stakes' radius greater than 30 A 
has improved in vijya biological activity as compared to 

seen, with, daily administration after 7 days, ah/oh mid 
30 ate v ^n 'a~ u~- ~ f s \. ^ - y s ^ > ~.» f i, 

'vi t.h j glycosylate . otxn. 
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i 2 SEC> ID NC S to * > 9 e ; at: a 

concentration of 1.9 rg/nl in Etw.becco's phosphate- 
5 buffered saline, pK 6.8. Recombinant methionyl human 

ieptin 1-146 ( SEQ . ID NO- 1 with a metMcmyi at. position 
' A d o v 'ci o i o .30 

mg/i.fl rn 10 mM sodium acetate with 5% sorbitol, pB 4.0. 
Tea sodium acetate with 5% sorbitol, pK 4.0, was used 
10 v a 

2 - Mi ; Ilblh' Animals were housed in a 
temperature-, light-, and humidity- coat rolled conditions, 
with lights on at 0600 hours and lights off at 1800 
hours. The Amgen, Inc. atvimal research facility is 

15 approved by the UKDA and AAALAC- accredited, Six female 
ob/ob mice (Jackson Laboratories; were used per treatment 
group, Mice were 3 months old at the time of study, and 
weighed an average of 45.6 grams , Mice were randomised to 
treatment groups such that the mean body weights of the 

30 groups were equivalent prior to treatment initiation. 
Animals were housed two per cage and fed standard 
abox Dds pellets ac n 

v * " 1 N - w T> N -i J I ^ - c 

for both- glycosylated ieptin and r wot tmu. Leapt in. 

1 ^ ( v - <• vs. s c - on 

study day 0, in the late afternoon (within 2 hours of 
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che mean .* SB. 
xosoi cs : 



age sach d y 
;s eaten per mouse per day, and was 
rs: {waight of the food in the cage 
; eight of the food that day) /the 
pe rage (two . \l Safca at« r< >rted as 



i be seen i I re * kiss mien of 

the chree-site glycosylated leptin resulted in the 
largest reduction of food intake, with an average food 
intake of 0.4 ± 0.04 grams /nous e /day for the final 24- 
hour period after the seventh dose, hdsdnistration of 
recosnbixiant. methionyl hussar leptin produced a reduction 
in food intake to 4,4 ± 0,4 grams/mouse/day, in 
comparison to the food intake of vehicle- treated control * 

This Example denavastrates a substantial iy ipproved In 
vivo biological activity of glycosylated leptin as 
compared to eon- glycosylated recombinant human leptin. 



ffy^pHPyE^ 10 

Improvement in keight Loss Aot.ivitv of Three- 
v> ~ N ^ ^ u \o - or, a t . en h 

ping b i o 1 o g i c a 1 a c t i v 
huinan leptin having a 

interns stent basis. 

! 1 f m^ <e c*« \ J. -,-\f <\ 

other-day adminxs cration of glycosylated leptin, than 
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wnen treated wi ch a 10- roid higher dose of sion-- 
giycosylated lectin, 

Me t hods 

1. L opt in. The three-giyeosyiation site 
Xepcin, prepared as described below (sites 47, 69 and 
102, SSCh ID MO; 32}, was ,-sed. formulated as a 
concentration of 1.9 mg/sd in Dsibecco ' s phosphate - 
buffered saline, pK 6.8. Recombinant-, ssst.hi.onyi human 
II \\ dth a 
- 0 1 s ' ' •• " " « 2 D 

ssg/su in 10 mb sodium ace Lose with 5% sorbitol, 00 4,0, 

>di ; estate with h s orbit . 5.0 was ;ss6 
us a vehicle conrroh 

•' • ^ ' ^ .i oy f housed order 
temperature- , light-, and humidity -control led conditions, 
with lights 00 at 0600 hours and lights off at 1800 
hours, The Amgen, Inc. animal research facility is 
* rt" nod - )? { w< e. a. \ ro..chO\,. w\ - 
ob/00 no.ca or acts on Laboratories) were used per treatment 
group. Mice were 4.5 months old at she time of study., 

f " > age oi 6 eras I ; ve::u 

randomised to treatment groups such that she mean body 
weights cd the groups were equivalent prior to treatment 
initiation. Animals were boosed two per cage and fed 
standard laboratory rodent chow pellets ad libitum, 

3 - iib^4iiiilL^-i »?3 - treaooent procedures 

were approved by Aragen's Institutional Animal Care and 
Use Cos to Siyeosyi d iopli ^etHu-Lepti or 

placebo were adsuni stared either daily or every-othsr-day 
via subcutaneous- i.njoct.;.oo io the sod- scapular rsg.100 in 
a buoe or. C . I j»3 The dose oi ? . cy :u .. 

mg/kg body werenc •oiao for mice injected daily with 
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10 



•glycosylated legnin or r-aetHu-Leptin. The dose of 
i&ptin was X or 10 mg/kg foody weight /day for ndee 
injected every-other-doy - olycosylacod lepcin or r- 
menretc- Leptia, Injections wore given on ? consecutive 
day?, beginning on study day 0, Jn the laca afternoon 
(within 2 hours of lights off in the colony) . Mies 
injected every other day wi rh lepcin received - c- 
or. vehic - o.: ai erna; 1 ys VrdnaU ^~ sighee dai.y 
at ^ _ «• > n v „ * ^ < 

calculated as: i (Body weight on day 7 - Body weight on 
day 0}/3ody weight on day 0) multipUed by ICQ . All data 
5 the ^ean ± SE. 



tesoltyg 



weight than did mice receiving either the saxse dose 
-n u t ^ , . ^ , ^y a n 



^ v « ••. - M Of 

initial body weight) after 7 dayc of daily dosing of 
Glycosylated Leptin or recombinant mo.rhoay • human 
ie 





Does 


In j-sc tat e 


0.25 mg/kg/d 


2.5 m t 


-metHu~L ,y. :. in 


-8,2 ± 1,0% 


•15.2 ± 0.5% 


Threc-ld • Glycosylac ed tepd; 


21.4 J 3. 63 


not lone 



« s 112 1 « 'er; 

«. -I ^ h 1 r j ko r - « 1 

leptin lost more weight than, did mice receiving e.ith 
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thi same 3.os :: •: id r..ighs e to ca binanl 

me chiony 1 human I epc i n . 



Table 10.2: Weight loss (expressed ss a % of initial 
body ~ after 7 days of daily dosing of glycosylated 

5 > > v ' " — ' ~ ran i : an - . » r h . „ory . * on- or i *. p - ; j , . 





dps e 


3 a : et rte 


1 , mg <■ g 1 


10 mg/kg/d. 


M ' K . ■ OS 


- 5 . 7 t 0 . 8 % 




Three-- Site Glycosylated Lop t: in 


-16.9 i i.m 


not done 



II xa;a . > tn > . < enhanced 

biological activity of glycosylated leptin, relative to 
non-gryoosylated leptin, is preserved ohen the protein is 
r^r -or ^<^i.v *e ^ - 

10 

Dose Response studies of a I'hree-Site Glycosylated 
Leptin on Wild Type Mine 

15 example dea 

three-sice glycosylated leptin having a Stokes* radius 
greater than 30 A has biological activity in non-obese 
nice. Moreover, the present example confirms in -alio type 
mice, that a far lower dose or the glycosylated leptin 

20 results in substantial weight loss, compared to non- 
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rmg/mi in 10 mM sodium acetate with :>% sorbitol, pH 4,0, 
Ten N sodium acetate with 5% sorbitol, pH 4.Q.. was used 
as a vehicle control, 

v-e 

temper a tare- , light-,, and humidity -controlled conditions., 
with lights on at 0600 hours and lights off at 1800 
hours. The Amgen, Joe. animal research facility is 
approved by the usda and AAALAC-accredi ted. six female 
C57B1/6C mice {Jackson Laboratories } were used per 
treatment group. Mica were 2,5 months old at the time ot 
study, and weighed an average of 00,0 grams. Mice were 
randomized to treatment groups such that the mean foody 
weights of the groups were equivalent prior to treatment 
initiation. Animals were housed two per cage and fed 
standard laboratory rodent chow pellets ad ii^i-.u*. 



were approved by Aden's Inst. 1 tut i or 
Use Coitw.it tee. Glycosylated leptin,. 



.•uocutaneou^ 



'■ '■ V < > ; ; 

of leptin was 1 or 10 me /kg body 
ejections were given on 7 consecutive 
tudy day 0, in the late afternoon (wit 
s off in the colony, Animals were wei 

({Body weight on day 7 - Body weight 
Ight on day 0) multiplied by 100, Ail 
3 the mean e be. 



Results : 



As shown in Table 11. i, vise injected daily 
with i rcg/kg body weight/day glycosylated lap tin lost 
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- so - 

more weight than did free r .. e - ; she same lose 

or a ten- tiroes higher oose _ <. - -5 i<-« human 

Table 11.1: Weight loss (expressed as a % of 

5 initial body weight) after ? days of daily dosing of 

v ~ - ! o s * -v. ,i - ^ , ^ •> 
leptiii. 





Dose 


Injects te 


1 mg/kg/d 


10 oo/xg/d 




-2.2 ± 1.0% 




Ton Sits Giyooa eo pti 


••8.6 i 0.6% 


not done 



rj is ? sample deitu. 
biological activity of glycosylated leptin, relative to 
10 non -glycosylated leptin, is also present in. non-obese 
mice , 



AiFTE i 

Improvement in do icon. Loss Activity of Three-Site 
15 Glycosylated Leptin Administered Intermittently to Wild 
Type Mice 



The ores err: - ~i demonstrates tnao one 

sastained when glycosylated leptin is administered on a 
in wild type mice. 

i tore - /cos\ iat to- - te 
.leptin,. prepared as described below (sites 47, 69 and 
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" ~ ; - " 1 2 0 

sag /ml in 10 KsM sodium acetate with 5% sorbitol., pK 4.0, 
Ten sodium acetate -with 5% sorbitol, pH 4.0, was used 
as a vehicle control, 

2 - eititdLih- Ampuls were housed uoder 
- no*i ,io light-, end taidx ty -controlled conditions, 
with 2 i oh us on at 0600 hours and lights off at 1800 
tours, The Amgen. inc. animal research facility is 
approved by the USDA and A&ALAC-- accredited . Sir ier:iaie 
C57B1/6J irdce (Jackson Laboratories) were used per 
treatment group. Mice were .2.5 months old at the time of 
study, and weighed an average of 20 <0 grams. Mice were 
randomized to treatment groups such that the mean body 
weights of the groups were equivalent prior to treatment 
initiation. Animals were housed two per cage and ted 
" ndar< Moratory root err r/lii 



iated lectin 



a-scapuiar region 



Percent: weighs loss is calculated as: 
n day 7 - Body weight on day 0} /Body 
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weighs on day 0} multiplied by 100. All data are 
reported as the mean * SI. 

Resu lts : 

As shown in Table 1:2.1, mice injected every- 
other-day with ' 5 or 10 ro body weight glycosylate 
leptin lost more weight than did sdee receiving the same 
o.t recombinant methionyl :.ur in lectin every-other -day . 





Weight loss 


(expressed 




dosing of glycosylated, leptin 
human leptin. 




other-day 
t methionyl 




x>om 


.-n-e \a; > 

- 




5 sag/kg 


. 0 mg/kg 






-1.0 ± 0,8% 


-1.5 x 0.9% 












-cample demons t 







biological activity of glycosylated leptin, relative tc 
non-giycosylated leptin, is preserved when the protein 
15 is administered intermittently to non-obese mice. 

EXAMPLE 13 

Additional Multiple GiycosylatTcn site top sin Proteins 

20 Presented below in Table 13,1 are additional 

glycosylated human leptin proteins which were also 
> M ? a 'oa c ~ j ^ v . * - ot. „ t i 

of the h-glycoeyiation {with respect to the numbering 
of SEQ . ID HO 1., rHn- teptin 1-146 5 (unless otherwise 

25 v . { »o \ I - - - - c « a _ - \ ; ~o ^ "v.cd 

type" t K tlT ft , here, rHu- Leptin 1-146 as in SEQ. IP HO: 
1}; (3) the glycosylation species which were detected; 
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bi D&ct i vity ra lauive - : «\ n ' . m« r r ode used ai c 
described below. ;i r i: snr • >- • means soc determined. 
{The specific sequences used Ce.re.in for expression are 
more fully set forth in the Example below pertaining to 
5 expression of glycosylated iepr.in protein 47 4 69 4- 
102} 



.e 13.1 

















! fcin:;.Un 5 


1 


»ossit.xc,.r> c.f O- 
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HSSl. f.'.: 

wr. 
















1. 07 


-l^'^Stig — 








0 .36 


iMex aeV , 














L HO 






















2 s*: 


"■'oils' 
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r 




• d ~ 








2.8 ] 


SOO-6 






- - 




- - . 






















oil 




dbbrev.l =o: 


is ana tia 


:/c: I:,:-.:-- are ~J 




as chose 


above , see, 




.e.e 4.1. 




* " HRH " de.r 


totes the 


use of three 


C-tarsu 


nal argiu 



residues on the glycosylated lectin protei 



; ' ; < m 0 65 ' 

~ .94 - 

onally, the following roiltiple sice 

~ px ot eins h res bee: nade c 3 1 - < 
tf* 5 i J Kami e 12 t e l v; 



23+47+69*92 

0-4 7 +694 9 2+1 02 ( *Q- • 
indicates that SEQ. ID KO; 2, 
rH-u-Lepti.il 1-145, was used as 
5 a ^ tn v o<>. vo, \, • > , ^ - 
glycosylate on sites were 
added) 

47+69+100e+102 

5 

In addition, the present invention also 
eiuvorapassec a gi.yc;,sy larsd leptin -» ■< having 
glycosylation sits at position 47, 6.9, 92, and 102, 

10 MPLS 14 

ot 55 ~"i ~ sd L.ept in i j M ein 

air acting GI ycosylat ion 

1 5 i xaaple j 3 traces the differences 

gi ycosyiaf. ion of a three-site giycosyl st.ed leptin 
protein having sites available for glycosylation 
located at positions 47, 69, and 102 of rHu-Leptin 
146 i SEQ , ID HO; 1 having the noted glycosylation sites 

20 using the formula P--/PS/T, prepared as described 
«r« also a ascribed above 
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cell types, COS ceils, and CHQ cells, was generally 

Glycosyiat.ion was detercdned accord.-. so to dte methods 
set forth In the Reference Examples, below. The degree 
5 ° - voi ed > ;:t 

S o/ che - ranee ; ch raccix:' s pancy of 
a tars; "} mea- ox ? 

determined. " 

A v naie: y ol : : pad. ay ens ••• ^,a-^;. - osed The 
10 ard.no acta x a -a v or these signal sequences arc 
presented below in Table 14.1. The following terras 

to den < cob 

amino acid seqraanees ased to express the present 



glycosylated leptin; 



t he 








-<o^ o ' I - a 5 a t . t 
human tissae plasminogen aclivaaor followed Pv 16 ara.no 
acids of the hunan Iept.no signal aegoence beaj.aniaa ar 
i.CG ' 




ept having the last two /a amino 


i * „ ' 

sequence, exc 


r.he raw ora lly oconrr no honor loot: in signal 
eoi having the two a-ca' ai-nao acids 








3 an additional ^ segoenco at the a- 1 



■dpai;; signal v v - six cwtermiaral aauLno 
< 



tin - * 

^ 00,0^ CO O , C ? l >-f s.,'^ I US 



y -ih Rsrh analog ? trie naturally occurring "balSaxT 
J i ma seououc 5 - ^> eptin proteiu 

the arc on acid sequence of: SEQ, IP NO; 1 with 

' 102 



natural iy occur ri.no , 



co ruecoa 



plasminogen activator, signal sequence having the three o~ 
terminal amino acids being the onto a cote serine- 



> V K i 

plasminogen activator signal sequence having: the three c- 
terminal aMno acids being the at-i.no acids serine- 



* < 

s,gn. ^ * v < n<A, m . x . t i 
- 

< ^ i 

plasminogen activate:; signal, aequence having the three c 
terminal amino acids being the aru.no acids serine- 

fl 

iPok ycvO-oo' ate naturarcy occurring 00:0:01 tissue 

ol aer.n, nog en activator signal sequence having toe three c- 

terrd.nal amino acids beina the •;. 0.0.0 aobe« s«^hi»- 



activator signal sequence havi.no the three 
erminai anno acids being the ani.no acids asoieucine- 
.„..„ _ 



ctiv&tor signal sequence 
terminal amino acids being the amine acids 



3 




to r ad 1 v ' oc rro:r 01 ;or hooa.o :: .: s :;: uo o J 
i k t sec <?d:o :.ou:d. •;. tcrrdru 

rid o r ar g n. e - n 



naturally ccoorring hunetti 
activator signal sequence .having she last 
rine of the : ;u :; c 



' sag addi -cerrainal amino 

^V'^ s ~ - ~~~~ 

ePh-- .at - t..as naturally oetarriau' human ti:;;s'.;e 



acids of » _ aeid-isoleacxne- 

hi a t idine - alanine - arginine -phanvlal. atai ae - ar ci a i a<*~ 

ui. 



facror- that nat urallv oeeurHnu 

' 

Serum aa.fcuraaa ipre-nro; - the natiuruhK' coca-aira 

^SaSIifaa 



Ph. 1 1 ebrand ' a f 1 at gF ( v^fr : "TE«rnat. u .ra 1 1 y" oaaaErlng 
von ebb tebraayas factor signal 



(Ci alpha 
yb^^ ~~~~ , _ 

iae i receptor.} - the naturally 



- 

, 1>.;1':' 



n i 

follistatin signal 



Cen.bop.laar; in {CP; - i. ha" 'ire tara I .y" a c eaerlacT 

' 

ppo ior "HPP" denoting enya.br ope let ia a.igaai a a " i.m' 
■ ~a >.-j._ , - a ^ - a „ A ^ 



. Rand a-- tern - - ' T ''dbv a Vddn y human 

, <r- "h s «. 



- - i v a ue i 

X) - " ~ ~ ~ , ~ ~ ^ ■ 

ema; •. r at : . - . . . . r. >. . ,v 



signal sequence having at the a-- • terminus the "pro" 
l. f iedHSApro - the aatarlrlTy 



occurring 



— d_„ * - - - ~ + 
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dif iecU'-ISApro * fur in ■■ uhe natural! 

e he 'ina a 
_ _n „ ur , ^e ^ 

led as indicated in the cable b~Io 



IPPPPPO pro 
Signal seca: 



siurs occurrn 
r r.u it thi , _e 



EPO-HSApro aioptio NH2 
hustan erythropoietin s 
terire.rius a "pro 11 eeque 
with vail of the iepfci 
reprove cleavage el Ca 



vhvhhielr21eJh : lhi'e- • ''■ ' ' - 1 hoi pi aivphe.lgh ; ' ' 
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:::r 













, 




..."i:H:B^iJ 


— „ — 




- 








Activator TtpaT"" 




4.-S 
















4 
















4,5 

















3 










■:v.\„ 


v — 

" : . *X ■>}...?. 


3 . s- 


4 













J..:,. ;X 


3 . 5 


4 


























1 ' ' rr ■ 


• — 

GAVFV ^^ 


3.5 






























i.x«V ; r VSi' -r-'G':-'. F?S 


S 














GsWFvS*S>- 

s 
















£ CVLLI 


o 














? VI s 
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C'lPP/PHpppp'r'p-?- 




1 










von Wa >. icui- si.'. ■ :s 
tact. or (vW> 


PP^PPFGGvLPAPPP 

J i: POT PC 




3 












^PP-PPPPGGTPGP 




2 










• i r -pep ; 


■ - 

PSPVPP 




I 










:• -:\ : v.m 


ppippppcfppcp,pp 

PPP:": 




I 












kk":V>po. pppppppp 
















P'/P AP;ip.V'PP 

gc^gg,, \- 
fppd^so:p 
















MP PR PPP PPT.. 




HO 




























PGGGSPPPPP 


3 










PPP;PPP.PP-p;P;:--r. 


GOVHPOPAPG 


5 














PPSLPPGGPVLG-- 


4 


4 . 












:'CP.PPpv>p-P,-P_..:p,p 
s 




4 . S 












^VP^SCPPPPPLPPP 
PPSPPLGLPVLG- 













WO 



PC 1 lS*HmUUxP 





SISSIUl/X»yr.. G .. 
Serrano 














UH.2 VtoA) 









This was confirmed In a Western Blot {FIGURE 
7} , As can be seen, the use of the signal peptide for 
tPh resulted in the highest molecular wei ght ; and 
therefore the most highly glycosylated, sample, 

FIGURE $ is a Western blot which shows the 
results of a comparison of the various expression 
conditions tor the three-site glycosylated ieptin 
protein 47 + 69 ♦ 102 as above. Beginning at the left 
hand side of the Western. Blot in the FIGURE . the lanes 
are loaded as ioi loves; 
Lane i; molecular weight standards; 
Lane 2: 4?-*-63 •* 102 having a c- terminal amino acid 
sequence of three arginines, expressed in COS sells 
using she native human ieptin signal peptide; 
Lane 3; sane as lane 2, expressed in CHO cells 
Lane 4 : Same as lane 2 ,. expressed using a native human 
erythropoietin signal peptide; 

Lane 5; * QTT COS ESP", rHu-- Pepsin 1-145 ?8EQ. IB pp : 
2} having the amine acid change 27T29S > ~ u 

press* n COS cells u ng a uativt -n 
erythropoietin si seal peptide; 

Lane 6; "QTT CHO ESP",, same as lane v, expressed in 
CHO sell; as ag * net s human * ythropc sin signed 
peptide; 
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Lane 7; " EA2 47 + 69 ■;■ 102 COS" , same as Lane 2, 
lacking the C~ cessans .1 argirOnet , expressed in COS 
ceils, using the erythropoietin signal peptide and a 

f - ^ ! i in. - inmit prose m - <. „ ndicated in 

5 - h is Kxenj; -j 

Lane 8: " SAP 47 * 69 ♦ 102 CKO'C same as lane 7, 
expressed in CHG ceils; 

Lane 9: "EA2 47 ••■ 69 * 102 * Paris in QUO" same as lane 
<h using the furin construct as indicated in this 
10 Example. 

- * ! e ee ot c >e density of tig 

molecular weight bands {indicating glycosyiation ) , the 
triple glycosylated Xepuin protein. ( lanes 2, 3, 4, 7,. 
:8 t an 9) has more glycosylation than the modified rHu- 

16 Lectin 1-145, having a single 0- linked site (lanes 5 
and 6} , Use of CHO cells resulted in an increased 
amount of glycosylation as compared to COS cells Clans 
2 versus lane 4, for ax&nple) , and the use of the 
- ^ - P tide ppeax - - crovu 

20 glycosyiation {lanes 3 versus lane 6, tor example), 

FIGURE 9 is a Western Blot comparing the use 
of either the lectin signal peptide or the tPA signal 
peptide, or use of either one <ai~h a substituted enzyme 
cleavage site of the other. Pee of she tPA signal 

25 peptide resulted in greater giycosylacion than use or 
the leptin signal peptide (left two lanes), When the 
c- terminal portion of the leptin signal peptide 
ncntainis ? its peptidase cleavage situ vn ,s>v wis - 
the H-terminai portion of the t.PA signal peptide, 

30 g ~ s i riciency d ased Ppa/L 

< - N - < Hi s C - ? , , < „ v. > ^ - 

I e ? - ravage site was used 

with the to terminal portion of the leptin signal 
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peptide, glycosylation efficiency increased h ! Leptin 
/Tpa" lanes; . Good glycos yiation efficiency w&s found 

^ * ~ v * ui the 

.net- ? cca : peptide;" urcin (SPS) "' ) 1 1 -at nreata> 
S . - v - i efficiency thae sues ti ten ion of a partial 

cleavage site sequence ( "Leptin (SP) " ) . 

FIGURE 10 is a Western Bloc comparing 
j » «- Sty observation of results of 

removal of the carbohydrate moiety by N-olycanase. As 
10 can be seen, in ode lanes which hare carbohydrate 
removed (indicated by the the leptin protein 

migrates to the same molecular weight aa non- 
glycosylated leptin. Comparing the apparent amount of 
carbobs ate i tl lanes witho N . - 
15 use of the erythropoietin signal peptide ("ESP" or - Kb 
in combination with another notation, as used above) 
appears to more efficiently glycosylated the three site 
glycosylated leptin protein tested. 

20 /BX&HFLB 15 

Additional Expression Studies of Multiple site 
Glycosylated Leptin Proteins Using a variety of Signs! 
Peptides and Other Sequences Affecting Glycosyiat i on 

25 This enanspie presents additional data of 

expression of single and multiple glycosylation site 
c , .,i s tains Ding a ari ' of sic peptide and 
Dthsr seeps - - Woo e i uc c - 3d t de 

glycosylated lectin proteins below refer to 

30 lyco 1 , . e idea to SECT II » ;sirt 
1 " r - 1 ~n ~ n „<. 

ca J. Is . 

The percent } glycosylation means that 
~ vi : . t a*. - - - . , „;c . ^ ta'-v !nu ^ 

3£ This was determined cy visub examined oa of a Western 
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. : ' , ; that proper tson 
tot.?.: rvpt in protein 



Presented below it- Table ' are the data 
£oi various apt a proteins an le; ~ -145 

PSEQ, ID NO; 2, hereon denoted to be r 'p- " S sss 
< \^ v. b o v v. _ - „ j < ; . 

COS cells using Its native giyoosylatisn site., using a 
signal peptide from erythropoietin ("ESP* as in the 
Examples above! , there was 25% glyeosylation 

" 1 - " v , >le sit ior 

glyeosylation were glycosylated in a population of 
expressed protein molecules). This was above the 10% 
glyeosylation seen, when the native human leptin signal 
peptide (as above! was used. When one of the 
glycosylation sites was changed to have a. threonine at 
position 29 rather that! a serine (as shown in the 
Table), the results were doubled, indicating that a " T ■'' 
is hotter than an "t" for O-glycosylation , Both the "T" 
and. the "S* of the natural O-i inked site soy each be 
2 'cc ota cod with mixta; e f ore vu; mo care hydrate 
chains. When the site is changed to have a "T" at 
position 22, the percent of these two sites having i 
and /or two chares is iner eased. 
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ne native human ;\ -^iin 

• r < e * v. - ^ N < A - as 



.nrlotMhCtiC 

Si 2 tii-PH-hh^M 

As can be seen fro* Table 15.2, below, the 
addition of three terminal arginines resulted in 
improved glycosylation efficiency. 
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ddLldb.do comca.;:-:! s or; s 









Table 












aighss 






wxth use c 




v ' iep 


cis signal pet: 


tide (first 


row, 2 3a) , 


Expression was 


in COS 


cells . 




OOSdtiori i 
glyiX>syi.;iti 


:: -\ i \ 
on CbiiXKKi.?; 


Expr 
R«d . 




% 

Glycc- 
;;y : :; 


■ . ■ 

Kei . tO Hi:: :. . to 












UD 0 . ■ . ■ 




EPO • s - 


0 




3 0 






S 0 sp 


0 


..; 












32 


60 


so -.0 004 



The abbre viat oRF'arTTEe~s<3 ei'~ "^F"tho5e i oi r "¥xi}^Te 



14, above. «nd* as used in ail Tables, means act 
> <n:\^ - 



Site 47 o;oa:par.;,_ soas 

As can. be seen i.a Table 15.4, below, the 
addition of three terminal arginine residues ( «rrr* } 
resulted in additional glycosylation for the 
glycosylated isptin protein with a glycosyiatior: site 
at position 47 . 
Table 15. .4 



V'<;: ioi-n of 


a'aa;es;s: i o.o 

Re! . to WT 




} : :ecoptor 
bxodi.RO 
0<d, to 
666. 


81 0 • 
act:; vi ty 

pei . to 




1 ,06 




0. 6 6 


0.66 1 


: \ 




ss 


m 


0 , ao 



a N k v a - 

20 : ab i is chose for Example 

"dlld' as usee in all Taba;s ; means not 



wo twn-n 



3 < - v ted lap rote.ii g COS Ce was 

with the signal peptide f r or erythropoietin corsxhined 

„ * ^ - e s - ca- 

be seen, this single site protein had a biological 
activity higher than non-glycQsyiated lept to . 
... 



1t: ; e^rihriv.ia : Lior;s i.snsa are toe sane as those ased for 
she above Examples . Percent glycoeyi at. ton. is expressa 
in the same terms as Table 15.1, above. 
Sits s v , 

As can be seer- item Table 15.5, use of the 
tea signal peptide pins three torsi sal 3 r classes 

sou! a tb best give >syl ion eft lenc 

Table 15.5 



tio.es used, are the saoe as 






v:'v5'.' I :i 


fciiori ml* to WV % 







J». efficiency. 





x ^ , > - % paraae.- - 

binding 

Sei, to?*??' GJyco- K-al . ;:o 




102 


p;ii 


The abater i a v.. 
the afeove K.xa. 


spies , Percent glyeosylation 
*rms as Table 15.1, above. 




iOh -the sarse t 


■ S expr-sa 


« , 0 , . 


Tva; Site CPy.aa.ay.Ua.si Lsotin 


Protein 



■ 

*\ ca &eri in Table 1 , is sire * 

> i I y.Uv prots a o bed above s 

20 use of the native lap tie siesta; peptide pave the 

.highest expression levels. Use or the eryr.hrepoiet.in 
signal peptide v ■ i the haaaa a -a at, rl.biaa.it 
prossquerice, or use of she hursts sera : aibaaun signal 
peptide and proaegaen.ee, pare higher hioact.iv.ity 
25 results. 
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109 



^ j: 

H 3 lC t.H'is 



„ 



: '7~r- 

.. ............... ; - - — < — y~~ 

soerev\Us:soss are same a those used 

Giyoosylation is expressed in the same b 
^bove, estfh £.,<;•., - Table 4.1 . 



As can be seen in Table 15.10, use of the 
» i\ 'o o-w . h 0 vo' . >y 

had a detrimental effect on expression of the 69 - 102 
two site glycosylated lectin (as described above} . 



?^i!tcj.l,ii: 




as those used atove.. see, 
pie 14 for more details, Giycosylaticn is 

X - " v-V O V. 

IS Table 4.1. 

— - b.yi ti-i Las sd. ~- ?J* siEi- 5 Prou 

As can be seen in Table 15.11, the use of tb 
erythropoietin signal peptide had vsry.i no effects on 
s ted tc sss COS 

20 ceils. Interestingly, the glycosylated lectin protein 
scdd , he sighs - ghest J :sp n 

binding (see lower the numhe;. the higher the aif.i.nity 
for the receptor} . 
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Sequent Sxprsssio: 




: "~ \-f TuT~ ~ <o7f|oi 



Mdxuev.rations are the suue as thotiretTd'^ave] 

• Example 14 for mors details. Cilyoosylation is 
5 expressed in the saae tsr;«s as used above, see, e.?., 
Table 4.1. 

< . ' »r v - ~ , s , • - 

As can be seen in Table 15.12, for quadruple 
10 site glycosylated leptin protein express ion in COS 

cells, various expression levels were obtained, and the 
resultant: glycosylated proteins had various degrees of 
receptor binding and bioactivity. For this group of 
quadruple sice lepshas , the 23 •••47 •■- 69 < 92 and 23.. •»• 
15 47 + 69 + 102 site ieptins had the highest bioactivity 
relative to wild type (i.e. , rmec.Ku~ tonkin ■ - 149. SEC. 
ID HO; 1} . 



y US- y.-:;>r : : r. G 






B; 


d . . O: y- ooy 1 ^ " 


Results 
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Nil! 






0.24 










0.13 




Q...8 
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0.^6 






HD 




0.4 4 


NO 








0.4 4 


• 41:: 4ft <-Sj~ v> 








0.4.1 


!'454'-4;44U'4 


04 5 


2 ,3 






VSft 404V -40 


0.57 








- - -4 -5 a 


0 . ? 





j^jy,. Example 14 for sore details. Glycosy latios 



' - Pr , <. 

As presented in Table 15.13, the expression 
10 levels of various quintuple site glycosylated proteins 
was fairly low using the indicated signal peptides. 
« 1- - la •;»,• 
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oo S'laoro.^aoras 
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Abbreviations are she saroe as ohose us"?d"~Ttncaae , see"" 



Example .14 for sore details. Glycosylatiorx is 
1 expressed in the same terms as used, above., see, e.g., 
Table 4.1. 

In addition,- Western Blots of the present 
glycesi ated ieptin pro veins also illustrates that: 
10 < i :^ N o -o o k» ~ i i , 

results in can: torero glycosylssioo. off ioionoies . 
FIGURE 11 shows tear, increasing the molar of 

i i „-u vi i - . 

increases ohe amount of giycosy laoion found on the 
15 ieptin protein when expressed in CHO sells. The 
samples are as follows; 

Lane (■ : "MOCF' - is nor- 7 or ri r. containing ceii o:oticure 
a p< t a: at 
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~ - * " N rKa--tept.in 1-14 5 (SEQ D K I) 

expressed ; si;:n sj erythropoiet a signal peptide 
ane E SP v ? 48 a arris* ab< , using ti ingle 

site glycosylated Ieptin protein indicated (as 

3 - Ha a imi - , sss as bov< - 05 the 

two-si ua glycosylated lectin protein indicated iaa 
described above) ; 

Lane 4; "ECy UT47 + M3 •:• N!Q2hc same as above, using 
IG abe three site glycosylated ieptin protein indicated 
has described above?; 

N v ts v«>- i $ tin 

four site glycosylated Ieptin protein as described 
above, expressed using a human tlTA signal peptide 
IS having an eiaryms cleavage site ei SNS (see Example 14 

Lane 6; "Tpa N2 * - 534? a HSS ••• K92" indicates the 
five site glycosylated Ieptin protein as described 
above, expressed using the natural human tPA signal 
20 peptide {sea Example 14 tor sequence information} , 
As can be seen, the molecular weight 
increases with the increase in giycosylation sites 

r„ < u_ 

<• 1 * 3tO SCO COOt Up tO £lV< 

25 chains can be added to Ieptin simultaneously , 

hi::ohldh n /l :l am.;. no a c i ds /pept i d es 

The below Table 15,14 presents a comparison 
of - - different \ terminal umim at d h the sub act 
30 glycosylated .loot in protein incident to toe use of 

various suberic tut ed enzyme cleavage sitae for various 
signal peptides. 
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Table 11.14 



Signal Peptide 


Glyceryl erioe 
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30% BP 






96% ' 
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lectins hatcmg the highest yield of correct K-terrdna 
amino acid was produced using the signal peptide 
tPA(SHS) . Lectin <SNS) also was highly glycosylated, 
and produced a leptin having an ^-terminal axsd.no acid 
of serine is-j^, serine at the -i posiuion of 3EQ. ID 
MO; 1 in a glycosylated leptin with a modified amino 

v 1 1} - 



— i P.n > t,i 



ia : i.;..Jilctoi;s,,,eru] 



pro viae 
ng Examples. 



ressio e c c 

in 



these r s resu.'i 

ox rHu- Leptin 1-146 {£ 
The Dm encoding rHu 



i. ii.n i I pspt as also used as a 

te plate ire prspait ng tlycos\ ate 5 ot n proteins of 

the present invernrisn , 



plus a signal sepuence as in Zhang et ai . , Nature 3.72 :: 
425-432 (1934) at 430, Figure 6b, herein rncorporaced 

5 adipose cDNA by polymerase chain reaction (PCR), The 
signal sequence cloned encoded the following ammo acid 
sequence : 

H 11 W G T :L & Q. F :L W L, W F Y L F Y V Q A 
ids. L&Mrs . The 3 ' (forward) flanking primer 
10 encoded the anu.no termb ceo of one rHu- Leptin signal 

optimised Kozah sequence (TO? ATC TAG ACC ACC ATP CAT 
< % * d 5 - Ste $ mvm l i | o \ ^ 
sequence (GAG AST CGA CTA TCA GCA CCC Add OCT OA) 
••• s i the c >1 earnest of th b< x; : tu n 

rHu--Leptin( 1-146 1 and termination codone, as well as a 
Sail restriction site, 

ds 1; ? ei.ep dli..C Tbu r ? apolification 
product was digested with Xbal and Sail restriction 
20 enzymes, electrophoreses on an agarose gel, then 

procedure (Promega# Corporation, Madison, P T ) . The 

purified product was li gated to Xbal and Sail cut 

I DS&cc2 expression vector modified slight 
25 described in PC 90/14363 1930, e.g., at Figure 12, 

herein incorporated by reference in its entirety. The 
c - < h<- -<~ - r =s > 3 > t >u m _^ Ki 

e lemon- it was s I + 1 m . r 5 se 

in WO 90/1.43 63. The sequence at the Hind ill site was 
30 modified to AhGCTTOTAGA to generate an Xbal site, and 

due nice a - alibied so 



so allow efficient, ousting by both Xbal and Sail to 

ice tn« cut plasm i c , che 
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resulting pDSP.od / lectin pla.smid was used for marshal ian 
x " ~ ~ N - < in 



The pDSRa2 Pep tin plasrsdd, prepared as above, was 
utilized as a PGR template tor the initial seeps of 
site directed catagenesis. 

PGR. PCP procedures were performed in two 
successive seeps. 

Step Is Two reactions (PCR1 and PCR2 ) ware 
performed on lepttr- template PSA using a toeal of. four 
oligonucleotides : the 5' {forward) flanking rHu-Leptin 
primer, a reverse mutagenic primers a forward mutagenic 
primer (complementary at least in pare so the reverse 
mutagenic primer) arc the 3' (reverse) flanking rHu- 

priiner. The DKA products of PCR1 and FCR2 contained 
v ~ v ; ? , rt - - =j , - e,->-n ^ d n e 

mutations Ph ampi. if led s s ragmen t spas te 3 
fay agarose gel electrophoresis,. Small pieces of 
agarose containing It; A fragments of the correct s.ise 
were excised from the gel . 

Step 2; The DNA fragments free PCH1 and PCR2 
were combined together and a third PCP. reaction was 



(such as chat commercially available from the Apierice 
Type Culture Collection; the f { forwards pr.hter 
contained sequences which introduced a stop codon, a 
Kpni I * and tuaw etc GiAGC front of t 

e e e o - u c 
TCTGGl : A(;;CTAGACCftCCivTGCM ! 1:GGGGhACCCTG^r - 3 ' } . The 
S'freversel primer 

> GAAGCGGCCG C' • ' G Gi CCCAGGGC ih-3 onfcains 
sequences which introduced two stop codons { TGA tag) 
and a :Not! restriction site at the and of the 



sequences that introduced a stop codon fal .Lowed by a 
Sail , , a- " ' \ . X ,C VAs-G ti 

The f" forward reaction primer 

' = * ; d Gw- GGWt G'c PGGOGAeC* CTG • had an St hi 
restriction site followed by a Kozak sequence upstre 
of the i apt in initiator codon ( atg ! . 

\ c „ we 

per Gunnel using either of two procedures 
" ,s > - w - eei \ 

In one est hod. used in ecru of the 
constructions tor 2S3 expression, PCH reactions were 
performed using a protocol adapted free Cheng et , el 
PGGfS t..l. : 69 I3f4; U'iere i w xu ; Gted v ^ referent 
in its entirety? ; 4 ul each ef forward and reverse 
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oGTPW 0.3 si rtlh t~ 5 Perk in EinnnPbb 2.5 

5 U/wl), and 2 ul Vent polymerase (PES; 0.01 U/ui after 
- " ' - ^-W- :w„.U_W ..i „\ ' i ye? " w O W^ .Ik.' 

> bring t.h nl volume to ■, i e conponen:.* 

were added together in the order stow: and the PCR was 
" s w - <w- w s , - " W as 

10 above 6{d"C by adding 1 ul of 10 tlf MgOAc . Reaction 

conditions; were: 2 cycles of 94°C, 10 sec/45°C, I aurw 
€S V "C- 5 nun followed by 25 cycles of 34PP 10 sec/05 bp 
1 mi >8 '"C rd plii > > , f 

eparated bo tgsrosw ge lu troph $ sis .-5 I he 

15 correct sized DHA fragment was purified using a 
GeneclearW hit , procedures son;, Lisa by the 
marmfacturer (Bio 101 f Inc.) herein incorporated by 
reference. The purified DMA was digested with hot! and 
Kpnl.. then it was purified again using the Genoclearf* 

20 kit. Digestion conditions were 20 Units Kpnl in «H" 
Puffer (22 ab final volume) (Boehringer Mannheim) 
followed by addition of 3 ui of " H " buffer, 20 units 
PotI in 52 u.l final volume. The fragment was then 
.ligated into piassu.d pBCB cut with Kpnl and Not!, 

25 F!a ' ,»c r wa der-ved from pRC svi trogord 

Carlsbad.. Calif on a! to ck otion tu the tu j on i 

v i is tn« icq ^ s > > , 
resi won <en€ and SV-G 0 poiyaden;> 5 r site Ligated 
DPP was precipitated with 2 relumes of ethanoi in 0 . 3M 

3 0 NaOAc pH 5.2 in the presence of carrier tRKA and 

transformed into H . coil. Glycosylated lectin protein 

clones containing the correctly sired and type of OKA 
insert. With this procedure, cells containing plassdds 



of lent in 
ss then 



' " ' - ' " - „^ - „ _ ^ toe 

desired glycosylate on sites and to ensure that no 
additional amino acid changes were introduced, 

A slightly different PCR strategy was used in 
the ; <- ' . iro (o^-r^'-o 

using Tag DbA Polymerase CBoebringer Mannheim! or 
preferably, the proofreading :>PA polymerase Piu 
polymerase (Stratageney which unlike Tag polymerase 
does not: tend to add an extra err eyed a yea nucleotide at 
the the extend 5110 Ta< 

polymerase PCRs the DPIA template was combined with 2.5 
ul iOX Tag PCR buffer, 2,5 ul isiM dNTPs, 5 pmol of each 
primer,: and water in a final volume of 2 5 ul . 0,5 units 
of Tag polymerase was added after she PCR mixture 
reached 55 iy PC 5 reactions were then carried out. for 
2 5 cycles at 55 'C for 30 seconds, 50 c for 30 seconds, 



-0' In 
each cycle denature to. on was performed for 35 sec at 
9450, annealing was performed for 3 0 sec, and 
elongation was at 74 :, C for 30 see. Following the two 
PCR reactions of the hirst step described earlier, 
product barn-is of the correct sises were excised iron an 
age; a > gel following electrophoresis and the gel 
slices containing the products of PCR 1 and PCR 2 were 
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either added directly to a PCH tube tor the second step 
of PCR... or first: combined in a tube wish 300 al of 
water; and ,x led to me t tin ages » >: t sforu add h; to 
the PCR tube\ PCPs were performed with Taq or Pfxs 
S ^oiyrex e e :ribed ea ex sing the »-&rd and 
reverse flanking primers. Aider she hi :::<., , cycle of 

c Nv - wow * „ c - t an r 5 

minutes at the elongation temperature . The resulting 
PCR products for each analog were cleaned using she 
10 1 ^ gad 1 Wizard PCF It snot k he purified 

was digested in a 50 ul restriction digest with Aba! 

37d: for 1 hoar. Tic: digests were cleaned by PromegaOi 
Wisard® Cleanup kit. The digested fragment was than 

IS ligated into xbaX and Sail digested pDSRas vector. a 1 
Ul. aliquot of the ligation reaction, containing pDSRa2 
Leptin analog pxaamid, was used to transform Dili OB 
ceils by eiectroporation h single colony tor each 
analog was grown overnight in liquid culture and 

20 pl.asmid was isolated using the go. acre D Max! nm® 
plasms d isolation kit. Dl>m for each pDPRsi Human 
^ >N - ,< so.. . . ^ v v. v at . ^ , „ - ^< s to 
ensure that the correct sequence was pros ens. 

25 giyoosyiation site mutations ware combined by 

introducing a new substitution into DT?A already 
containing a change, using the same PCR process. To 
construes double glyeosylation site leptin analog 
genes ngie site giycosN ted lent 

30 (produced as described above- were -used as PCR 

templates, and an additional glycosylation site was 
introduced by site directed mutagenesis with the 

o . > - - net Pci hi » 
leptin analogs with three giyoosyiation sites were 
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DMAs as template, and the process could be iterated i 

Alternatively', new combinations of giycosylat ion site 
stations can be produced by using two different DHA 
x$mp±&tes containing differ ent giycosylat ion sites,. 
PCRl end PCR2 . For example, a DMA encoding an analog 
with glycosylation sices at positions 2, 47 . C9 and 1 

sold be p ed b mutaga? , er pal 

position 4? glycosylation, by using s PR A template vd 
a glycosylation site at position 2 in PC Hi and a DRA 
- - N es at positi 

PC R2 . 

These general procedures were used to 
construct pi a mid c express vo of the glycosylated 
ieptin proteins shown in the Examples above The DNA 
sequence changes for each of the forms are shown, 

Cbia erig gna { - : cue for 

expression of ieptin or a 1 opsin analog with a non- 
ieptin signal peptide were prepared by overlap 
extension PGR methods for gene splicing (Horton et al. 
Gene 77: 61 -63 {1989}} sisi.ii.ar to those used for site 

uc) « - e< ' > \^ I >i 

encoding the signal peptide of the exogenous gene, for 
example tissue plasminogen activator ;TPA; , was 
1 nit- i ! ' -\'vv v . b i s ,vn,i, - on of 

c gene synthesi r\ 
used as template in a PCR to generate a DRA fragment 
encoding the exogenous signs 1 peptide preceded by a 

the first part of the coding region of mature rHu~ 
leptin (or ieptin analog! . The primers used in this 
PCR reaction were a 1' i v. ox ward) flanking primer for 
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' he iep eve;c tg primer and a 

i - f x * < s x v. * > es ~- v -;c e reg.; ? u:u r c on of 
t exogenous , — . peptide and the sgcure ieptin Cor 
lap tin analog} sequence . The forward primer in this 
reaction was designed to overlap one DNA generated by 
the first FCR , usually over a length of 15-35 
nucleotides. The - ; of the two PCR reactions 
were gel purified as described earlier, mixed, and were 
annealed and amplified in a PGR wind lust the exogenous 
gene S' {forward.! flanking primer and the 3' {reverse) 
flanking Ieptin primer, 
; st ie3i.s 

aliidlio 1 - : . 1 2 ? ±S1:122. ■ ^ h was transferred into the 

human eonryonic kidney cell line, "293% {such as that 
'O!' - M • > available from the American Type Culture 
Collection} using the lipofeo oardne method. 293 cells 
were grown to 40-70% confluenoy in tissue culture 

>.u. N ht , _ ^„<} , 

Pen -Strep -Glut amine/ 20% FBS! . 20 ag of pi asm id DNh 
encoding the glycosylated Ieptin protein in 1 ml of 
DMSM was filter sterilised with a 0.15 am Acrodisc® 
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- ri - > mi DMH wich 2 V- fetal 3 

was added and the cu.lr.ures incubated overnight . Th 
next day - cells were rinsed with 293 medium and 
of freed 293 red i or was added. The conditioned med 
was collected aider 3 days, aliguoted and scored ac 
••70'X. 

2 ■ delir;^ 

Pagteins in COS cells . cDNA clones of glycosylated 
ieptin proteins were transferred iauo COS • : ceils i, 
He. CRL-1550) by elect reparation .. COS-dl cells were 
harvested free cere: -ordhor' rb shs:y washed with 
mediae; ( DMEM: containing 10% fetal bovine serins and : 
L-ytIutartu.ee/penicd.li in/ streptomycin -Irvine 
Scientific md > tax G» ; , ;; y . { 



? -. •. - ■■ dev 

it v. > 1 i £ e i t 

< e<" S - ^ s s ace „ at 

sinus 80 •>■€.. 

3 . £13231111112:1 pre 
_d d* fc* v . u > ' j. 

? >sylate spt prote ts per rued b> 

i i ' i: c s ductaoe def ici ent 

(D.HFR" 5 Chinese Hamster Ovary (CHCd cells with pDSB 
with the selected glycosylated .Ieptin protein DKA a 
^h > - » > - - ^ - > . 
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r< i -own. 



clones. A SO mm tissue cul tore dish was placed with 

h : t- - - - r , 

- : - ---.a. fw>£-en\ 1% penicillin/ 

screptomycin/giutartdaup 1% nonessential amino 
5 acids iGibco®} and 1% I IT supplement {Gibeo®} } the day 
before trans faction. A 10 ug DHA precipitate was then 
formed and added to the places dropwise as per che 
Mammal ian Ceil rraoofecti.cn Kit instructions (Specialty 
i&6 >rx - ere terenoe) After 24 

10 hours in a tissue culture incubator, the medium was 
xej aceci wit ft iresh CK0 D~ senium. rvonv.y four boors 
later the cells were split 'into six 100 asm col tore 
dishs * c» CKO select aedlua h M big; t ucos 10% 
dialysed fetal bovine serum. 1% penicillin 
.15 /streptomycin /glucaoine, 1% nonessential amino acids 
(Gibco®) . Medium was changed weekly until colonies 
appeared. After 10-14 days colonies were picked using 
5 mat cloning discs (Latocore®} soaked in lx 
trypine-myoTA (Lite Technologies©} and cultured in 24 
20 well i..;sa uo culture plates with CHO select medium. 

Aruer 1-2 weeks glycosylated leptm oroeein expression 
was determined using a ieptin eia assay described 
below. The best expressing clones { 1 . e , , those which 
demonstrated the most intense response using the EIA) 
25 were expanded and fro sen in cryogenic storage. 

In some circumstances a -acre rapid protocol 
was need to express analogs in CHO ceils. In this case 
* - w * o , i< v ec to trans fe < > i - 0 3 

•- ■■ - - - - hi. : u\ ;ere n; >. w Pa' u.i l i ec , a sua do 

30 t\j . or s a i N pDSRo tl ;e give plat; 

~ ' - < 1 <. , of 

herring spers carrier PbP. The PPIAs were phenol- 
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pars tore 
rled out 



inot 



sa ecfr 



grown i 
nottfoated 
jporat 



- * - ; ifai la a BIO 

RAD Gene Pulser' vs in 0.4 em siectropora^ion cuvettes. 

- w ^ m „ ■» „ ^ „ t - I <: - ; - v 

10 minutes at • GOO rpsi in a Damon®/ IEC Division I EC 

Kh ^ ' < 1 € fi.1 CB 

media and. added to two 10 centimeter dishes. Cells 
were grown for 2 days at 37hl.\, then split 1:4 into CHQ 
selection media and grown to -7.0% confluency. Cells 
were then split 1:2 into selection media plus 6 m 
methotrexate and grown at 3?°C until clones were 
visible (approximately 2 weeks) . Pools were generated 
tram plates containing at least 4 colonies and were 
< -« ct nedi? mr < c " t , * ■> uv- 
conliuent {approximately 3 week; . The pools were then 
h':.o :::■•? a in cryogenic storage. 

inlimle.sGly^ . 

CHO cells were transformed with PUA 
expressing N48 T50 Leptin as descrined in above. Cells 

^ „ en m 

(DMEM/P12 litis, 365 mg/1 L-Gluf amine .. IK MEM Hon- 
Essential Amino Acids, 5% PBS} . Roller bottles with 
breathable caps were then inoculated with 2e7 
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COSC 4 .. idig I additional glucose}. Serum- free 

media was stored at -20°C. 

rhe i blowing steps were por lorded an s uo 

10 &"-C. toe DFK was applied to a Q-Sepharose Fasc Flow 
^ - 1 ■* S cm x 14 era equilibrated in 10 

mM Tris, pH 7,9 and washed; wi r.h about two column 
volumes of 10 xaM Trie to elate all non-binding species, 
N48 TSO leptin, which remains bound to the column, was 

15 then e'iuted by a twelve column volume gradient from 
IGmM Tris, pH 7.9 to 200 xaM HaCl, iOmM Tris, pH 7.9 
collected into fractions, Fractions containing fully 
glycosylated P48 T50 lectin, as determined by western 
blot analysis, were combined then diluted with one 

2 0 volume of water to reduce the sodium chloride 

concentration. The sample was then applied to a Bio-- 
Ge.bb H : r column iBio-Badty 10 cm ? em) equilibrated 
in iOmM Tris, pH 7.9 then washed with about four column 
^ , e- r* vOt^ -n oii \ -u - , . *- rv a .a - 

25 binding species -acre collected and those containing M48 
T50 leptirn as determined by yes tern bios analysis.. 
,n , < . ( , Mi o 

A one third volume of 3 M * h 10mM 
Trio, pK 7.9 was added to the Pit TS0 1 apt in pool from 

30 the Bio- Gel. "o ; column. The pool, now in 1 M 
* KH 4>2 S0 4> was applied so a Source 1SFHE cobamo 
t - c \ ' - c , d in „ M 

{HK4 } , lOoM Tris, pK 7.9 then washed with about two 
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column volumes of 1 M {KH^SO^, 10 nX Trie, pH " 
?3 ; which remains bound to the column, was then elursd 
fey a 40 column volume uraa.le.UL from 1 ' j ^ mm 
This, pR 7.9 to lOmes Trie, pH 7.9 oohlected into 
5 fractions. Fractions containing F 3 , as determined by 
SDS-P-eGE analysis, were combined. 

Solid ammonium sulfate was added to the H48 
T50 ieptin pool from the Source 1 5 PUS column to a final 
concentration of about 2.5 M and inounated overnight. 
10 The overnight precipitate was ha roes ted by 
eentrifugation. 

The harvested ammonium sulfate precipitate 
was rssoiubili zed in water, titrated to pH 4.5 with 
acetic acid, applied to a Source 15S column 
15 (Pharmacia®, 5.5 cm x 1,6 cm) equilibrated in IQmM 
NaCB 2 COOK, pH 4.5,. teen washed wish about two column 
volumes lOmM UaCtytctH, pH 4.5. MB TOO ieptin which 
remains bound to the column was then elated by a 72 
column volume gradient from 50 mM Had, IQmM MaCH^COOH, 
20 pH 4,5 to 150 my NaCl, lOstM HaCE 2 COOH ; pH 4.5 collected 
into fractions. Fractions containing 5548 T50 ieptin, 
at determined by SDS-PAGE analysis, were combined and 
titrated to pH 7.5. 

The N4 8 T50 Ieptin pool from the Source 15S 
25 column was concentrated to about 1 .mg/rrd . diafiitered 
into Uuhoooco'e PBS (GibcoCT) , then concentrated to 
about o asing a stirred c [ > trafi ti tics 
system ihmicon®} with a i 0,000 molecular weight cutoff 
eafl jse CFilti to U T 

30 o -.-e - K I " 5 , o <. nt ^ .o<. 

ultrafiltration (Centricon 10 ; ^ ouT The 
concentrated H48 TSO ieptin was filtered (0.22 urn; and 
stored at 2 to 8ht. 
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The following ana 1 < were used 

herein to characterize the present glycosylated ieptir 
proteins . 

:;n "isr- Assays 

repeyLPK^^JlilttS.. Assay, In this assay, 
mejssbrans-boxjnd leptin receptor was used as a target to 
measure the amount of binding- by - ' labeled 

test glycosylated isptins. 



herein iirtorporated by reference in its entirety; the 
entire article is herein incorporated by reference) , 
.Leptin receptor expressing ceils were grown and 
collected by low speed ceritrirngation. The pelleted, 
cells {approximately 50 mg wet weight) were resuspen&ed 
in 0.32 M sucrose/25 mK KEPBS and homogenized in glass 
homogenising tubes using a Glas--col@ motor. The ceil 
reobranes were washed two times by centrif ugatiors 

1 8 ,. 000 go , dispersion using a. % ton 
1 »c "on ar'tCn-.^ : a.sjo' r ^ ^ ^ <-cr\ .v t m <\ b. 
- ^ , x * - '^0 v . > I HEPES il c 

BRlb/t . : % BSC; 0.3 rag/ an 1 Bacitracin^ (Sigifia®) / 0.1 
on n" 'vi 1 , ; '";^.n..^- , g X 
os rings- - t ten uhe scco as the 

met an prep* io a N u pan sod at ; ina.; 
concentration of 2-3 mg wet weight /:nL in cold binding 
buffer . 

Competition binding was performed by 
ixrsubating 400 nt membrane solution, 30 uL of 2 " 
251-Lept t and - 0 a ?a sn . » - ep i 
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standard (10 -6 K rHu -Leptin 1-146) for 2-3 hours at room 
tempwvrature In i2mr x 75rnm tubes. Bound 1251-Lepsin 
was separated from unbound 1251- Leptin by filtration 
through glass fiber filters and 3 washes with cold PBS 
5 using a Brand© 1 coll harvester.. Bound radio&eti vicy 
was determined with a earns ,s c-ouer . The affinity of 

: --b ma u tor .err-- trecepi n was 3e ermine : I 

calculation of the midpoint of too cold displacement 
curve (ICSO) for each analog - 

^^ug _ _ - * ju i r;^,o % detc - o 

using a chimeric leptin receptor, having an 
extracellular domain of a leptin receptor, a 
transmembrane and intracellular domains of an 

15 erythropoietin receptor. Upon activation of the 

intracellular erytnropo.iet.in receptor domain by binding 
to the extracellular leptin domain, the ceils exhibited 
a biological activity of proliferation, measured by H'~ 
thymidine uptake, 

2C Irrterieok.in-3 iIL-3) dependent 32D (cioneS) 

marine myeloid progenitor ceils (Greenberger er. si. , 
PKAS-USA SO: 2931 (1983) herein incorporated by 
reference- were grown in HPMI 1640 (Cifoeo©} 
supplemented with 10% fetal bovine serum and 10 ng/mL 

25 lb- 3 (Biosource®} . A chimeric leptin reoeptor-EPO 
receptor (OBR-kPOR) was constructed by standard 

* i - x - \, „<: ^ - -3 

^ i 1 c cans riptional promotes t felony 
murine sarcoma virus resulting in the vector 

3 0 - v ^ > i „ t > 

coding regions for the extracellular doma.i.u of a human 
leptin receptor (amino acids 1 -83 9; Tartagiia et ah, 
Ceii; 81 ; 1271 « 1996) (herein incorporated by reference 
in its entirety} and transmembrane and intracellular 

35 domains of murrne erythropoietin receptor (amino acids 
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2 50--5C7; D' Andrea et a.I 
incorporated by 
chimeric recepco 

5 selected on G418 (750 ng/ml} 
u ' < s'^ 'eUeUv, - i--V{ 1 
with 10% fetal bovine serum 



.17. J 7 77' U3S3> herein 
*^ it iv en; - rety rhe 
i trans fee ted into 3 2D cells 
cello were initially 
Lepcin responsive cells 
; Gibco® } suppl - > > n i ed 
25 ng/ml. Hu Leptirp 



3 2D ceils which wer 
remained 



eransfected wifch the chimeric 

cell er, * hp, 

medium Ux liquid, without L- Gin canine . Gibeo®} 
containing 10% fetal bovine serum (Hy clones 
Laboratories®) and 1.0 ng./.ml of 

15 1L---3 (Biosonrce®) to a density of 
S.OBeOS cells /Kd, Cells were col 
centrifngation (approximately 270 x 00 
sterile IX PBS (Gibco#) and 
1.8E+Q5 cells/mi in a media consisting of .20% 

20 Medium ( CiPIP- ':. 
FES) plus X- 




■ £ I, - <a i to 

v.,-« diluted in assay medium and typically run as 
extended multiple point curves or at ranges failij 

volume of lOCal of each sample was added to 
wells of 96 well microliter tissue culture plates. 
Ceils with sample or standard were grown at 10,000 
cells per well tin lOOui) for approximately 48 hou 
5, Oh CO and 5 7 ± 2\? high humidity 
eC0.5 ftei per well 
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2<S for a 1 ' 18 
hours and their DNA harvested or: re preprinted glass 

(Torntek 96 Hash II®) . Filters were dried in a 
5 microwave oven, bagged in. LBF& sample bags plus iOird 
of scintillation fluid (LKB@) t then, counted in a 
^ -i. r - - ^ . 

response fin the form of average CPMs -background) was 
plotted vs. mass hog/well) of a rPu-Lepoin i~;U6 

10 i , r 

or glycosylated 1 opt: in was determined from regression 

uu. y s is ' d a. r < o no t i v i. tg 

calculated by dividing the assayed biological activity 
{ng/Ml} by the concentration as determined by ieptin 

15 EL ISA . 

i i s e ejotix 

; i N " - ; ins 

1 - "*o > * a y_ 

Poiy^ - - — \ 
20 l-14f SEC - N " i be 5xvthi.org i k< n ~i 

position) polyclonal antibodies were raised in New 
Zealand white rabbits by repeated subcutaneous 
injections of rraetHu-Leptir, 1-146 conjugated to keyhole 
n i« "ya; and rrd.xe Lch the ad j wan 

35 Titexn«ax t:!! k or with Freunds complete adjuvant (primary 
injection) and Freunds incomplete adjuvant (subsequent 
injections). The resulting rabbit sera were tested for 

ct -!'u- i j v — c 

those rabbits with the highest titer were pooled and 
30 affinity purified over Astigsi- Ai,D Super f low® 

; S t erogen e # 2 7 0 1 - S - 0 1 ! coupl ed t o rme t Ho - Pep t in. . An 
aliquot of the purified polyclonal antibody was coupled 

«. u > OX - „ > , b6 
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used as a detecting antibody Li the sarAicSi easyrw, 
immunoassay (BXAi or Pesterxi. 

^H^£A2MA....i;IL^i£29.^.!:l ■ An r - - " rrr - : ^ He - Lept i n 
1-146 monoclone r bodies sre develop* \ y; 

5 rat:s that ^ere inhered multiple e. with KLM 

v - r" d , - - K v , ^ 0 i _ , , 

complete adjuvant (primary injection; or with Frsands 
in.co.mpj.ete adjuvant (subsequent injections; . Rat sera 
ware tested for reactivity with rmotHu Leptin 1-146, 
10 and spleen cells from those with the highest titers 

were fused to rat myeloma line vide 1.2.3 by standard 
hybritaa techniques. The hybrid cells were plated in 
96-weii pistes, allowed to form colonies, assayed for 
antiwrmetrkrd.eptin 1-146 activity, ana single-call 
IS cloned. Monoclonal antibody from a rat hyfor.idoma was 
used as one component of the ieptln sandwich EIA. 

s - i ter p- stes < N - ee] 

standard pprmr,; lon<§j or halt-well C Cos tar® } ) were 
coated with 75ai or lOpl, respectively, of either 
20 polyclonal ' > ug/isi} or monoclonal (2.0 \a r* 
antibody in carbonate/bicarbonate buffer PPHcd, 
G.029M, Ha, CO, 0.0I5K, pK 9.6) . The plates were 
blocked (1% bovine serum albumin tBSA} , 51 sucrose} and 
samples, diluted appropriately in 2% ESh in phosphate 
2 5 buffered saline CPBS) were added, in duplicate, to the 
- 1 " 1 < tit aed in 

triplicate, a ses of r wtetHu- Leptrs standards, or 
glycosylated ieptln standards , covering the range of 90 
to 4580 coord . The plates were incubated as -PC for IS 
30 dour aspi a ml and w so 'i thre* ".It ss c t; wa h 

0.051, pH "P35 [TEN] 5 arid HEP- con juga red polyclonal 
cur..;, xrwtw.-oweuio 1-146 was added, -70 nn/rhi in 2% BSA 



WO 00/4774* 



PCT/U800;0M52 



- 133 - 

in PBS with COS* Tween® 20. The plates were 
incubated at room temperature for 3 hours, washed five 
times with TEH and color developed with. TMB substrate 
i tetraraethyl benzidine) according to the manufacturer's 
ins tree tiers iKirkegaard and Perry 

Cem.tnersou.. g, MD 20879}. Absorb;? nee was .measured at 
450nm :ee a mieroplate reader, beptrn concentrations 
were calculated from a standard curve constructed for 
each plate., after rh; w>: actio:, of background color. 
Assay sensitivity was approximately §0 pg./.ml; the 
inter- and intra ••assay variations, calculated from 
controls included on each mieroplate, were 7.5% and 
5.4%. respectively, 

^ ' - J - 

Generally, the larger the molecular weight of 
a glycosylated leptin protein of the present invention, 
the more heavily glycosylated. Thus the present 
Western -blot type analysis was used to determine the 
amount of carbohydrate present on the expressed 

SDS-PAGs; 3x sample buffer i0.1B?5 H Tris-KCi pH 6.8, 6% 
SDS, > giyceroj h? 2 tereaptoethartoi ) rc- sample; 

u > -k^ i • hw hfa ><f 1 mat 

Tween® 20 0,08%) containing 10% FES and 2% BSA and 
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After washing with TEST , five times, five minute© each, 
the membrane was developed with ECL reagent 
iAmershafSms , according to uhe manufacturer " s 
di.r-ecr.io.ns . The membrane was exposed to Jb-Orsa.tel AR 
fibs (Rodakci) tor ten to sixty seconds., and developed 
as tor standard >:.~ray tils. Specific protein bands 
were visualized, esc sires est! so red from their 

:> - o. v „<s w •> ; a>-\c rs 
The larger the size., she mors carbohydrate raoiety 
connected to nhc protein. 

bn< ^ : 

treatment removes N- linked carbohydrate resulting in an 
increase in. mobility that is equal to that of 
ungly cosy let sd leptin. Treatment of glycosylated 
leptin proteins with JTgdycanase resulted in a 
.so.leou.lar weight similar to ung.Iycosyiated lo.gr is . 
This confirms that the iscreased sire of glycosylated 



exec ** * i ~ p ► 

r 3 mirnstes. Then HnSu'i of a 0 . SM NaP04 
nonrdet P40 was added with 3 ui of. 250 
" n ^ ' N „ v. ~s o 

j 3 ion was 
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support. N -1 inked earbohydra • e add! ti on , 5;-; ler 
results were obtained when oho analogs were expressed 
i.n 293 ceils. Similarly, when muitipis-^iyoosylation 
5 site isptin proteins were treated rich to-glyeanase ., 
text rob 1 J ; ry else s that of uno ar.ee 

lectin indicating that, the mobility differences are dee 
to the presence or d-i inked carbohydrate.. 



While the invention has been described in 
when - considered to hi ti preferred .rr.ie-v r- 
it is not to be limited so the disclosed 

it embodiments., but en the contrary, is intended to 

cover various modifications and equivalents included 
within the spirit and scope of the appended claims, 
which scope is so be accorded the broadest 
interpretation so as to encompass all such 

20 modifications and equivalents. 
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Stokes' radios greater than that ox naturally occurring 
glycosylated human ioplin of. 5KQ, ID MO; 2 (rHy-teptin 

2 . A glycosylated 1 opt in protein having a 
Stokes ' radian equal to or greater tree 3 0 A, as 
determined by gel filtration.. 

•i- A g ; :o ylata , ep * proterx preparation 
c each give sylated leptin. protein r>< scab ~^ 
said preparation has five or more sialic acid moieties, 

4, A glycosylated repair protein preparation, 
of claim .3 wherein each glycosylated leptin protein 
molecule in. said preparation has 8 to 20 sialic acid 

r. A glycosylated leptin protein con-prising 
e leptin of SEC Ik HQs I oi *odifi i to :onta 3 
at least one additional site for glycosy lation . 

6. A glycosylated leptin protein comprising 
SKQo ID PC: 1 having one on more sequence alterations 
as a site of glycosy lation selected from among (where 
'■'■T denotes threonine or serine) : 

fa} it: v->n Q2P~>X (where X is any amino acid 
except proline) 03- >T/e 

(b; 02P->K 031 04Q~>T/S 
{c; 23D~>N 241 25P->T/S 
id) 47?- >H 481 49L->T/S 
(e) 48l->N 42L 30Tb: 

P->I OS 1R >T S 
OP 9 1 S= - > N 9 3 S 9 4 K - > T / S 
LA >n 102S j ! 



■ U IG2S~>N 103G I04L~>T/S 
103G->H 1G4L 10SE->T/S 

" A glycosylated lectin protein comprising 
5 amino acids 1-146 of 3EQ. IP NO: i, having a 

giycosy.lar.ion site located at a position selected lx 
among (with, respect to the numbering of 3 Eg . ID NO; 1} : 
4, 8,23, 44, 47, 48, 63, 70, 92, 93, 37, LOG, 101, 102, 
1.03, .118 and 1.41,. 

10 8. A glycosylated ley tin protein comprising 

amino acids 1-14 6 of SEQ. IB M0; 1, having two 
glycosylation sites, said two sites selected from among 
{with respect to the numbering of SEQ . ID NO: 1): 
47 * 69; 

15 48 - 60; 
69 * 1S1? 
€9 + 102; 
69 +103? 
69 * 118; and, 

20 100 * 102. 

9, < ycosyiated iepi p - <^ 

amino acids 1-146 of SEQ . ID NO : 1, having three 
glycosylation sites, said three sites selected from" 
as.org (with respect to the numbering of SEQ. ID HO; 1); 
25 2 47 + 69 
23 ■* 47 -s- 69; 
47 * 69 - 100; 

47 4 69 4- 1 02; 

48 4- 69 * 118; 

30 69 + 1.02 -j- 118; and, 
69 * 103 f .118. 

10, A c\c Inptin v.o„a conipri sing 
andno acids 1-146 or SEQ. ID NO; I , h-v,n.nq i ,n,.; 
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11. A glycosylated .leptin protein comprisio 
amino acids 1-146 of SEQ . ID SO: 1, having five 
glycosyiation sites, said five sites selected from 
among (with respect to Che numbering of SEQ . to pq. I 
2 -f 23 f- 47 4* 69 * 92 

2 + 47 * 63 + 92 * 102 
23 f 47 -s- 69 * 92 ■*• 102. 

12. Glycosylated leptin 2,47,69 comprising 
the amino acid sequence {SEQ. id NO: 26} -. 



01 " ,. V"" 



i ilea I', pt 2 , 4 69 , 92 

% ? - in; tin oj t > ^ < u v i. id s 28) 



14. Glycosylated lectin 2,4? t 69 f 102 
comprising the asrd.no acid sequence i SEQ. ID DO; 30); 



PCI \, , ~ 



1 VP.T.QKVQL-C-T KTLIKTIVTK I'N.D'j. SSKOK'/TGLD "I OGGHGt?? 

>■- w " * < « 

STLDSl. GGVGSAS - _ , C : n 

16. Glycosylated leptin s . ^ \ ' 
10 v mroris ng roinc acid qi.ie.Qc 5b; ID DC ^ 3 > 

•'■ •• I LIR v™ OD SGRCQKVG i fjjTT 

iS Dl v \ v l % YQC.TLTSMJJS ThOGOISROX nSDtOOORVt A&STSCti&F!? 

101 KG?2T;..DSL GGvGGO OO.LSR!..C 

comprising the amino acid sequence ( SEQ . id DO; 36; : 

DD .ONGTSTL.DSO GGVGR&SGYS TS^GGVLRRLQ GSLQDMLSQL GI.SPGC 

38 IB, A glycosylated ieptin pretext* according 

to any of claims 1-6 having an ^-terminal residue 
seguence selected from asnongt 

a serine, arginine. proline or alanine 
residue at the -1 position, 
3S a serine at the -1 position and a proline at 

the -2 position, 

a serine-proline-serine sequence nr.. the - I . - 
2, and < positions, 

a serine at the --1 position and an arginine 
40 at the -2 position, 

a serine at the -I position, an srg.inine at 
the ~2 position and a serine at the -3 position, 

an arginine as the -.1 position and a serine 
at v.he -2 position; and, 
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* mine at the 1 pesiciot and $ti in at 
the ; positions. 

A n\i s ac id erics dir*< a yu >s; la; c 
lepcin protein according co any of claims 1 •• 6 . 
5 20. A nncieic acid encoding glycosylated 

iepcin 2,47,69 comprising the nucleic acid sequence 
(S£Q. ID KG; 25} : 




SAG CA 
PTAAGCC CTCGGTQC 

21, A nucleic acid encoding glycosylated 
iepfcin 2,47,69,92 comprising the nucleic acid sequence 
(SECh ID NO: 27) ; 

30 

> gtgmcatca caaaagocca acaTqacacc i^an accctc a rc/^GACAAO 

TGTCACCAGG ATCAATGACA 'TTTC A C AC AC GGAGTCAOTC TCCTCCWUlC 
ICO AGAAAGTCAC CGGTTTOGAG TTGATGCCTO GGCTCCACAA CATCACGACC 
1S1 TTAT'CCAAGA TGGACCAQAC ACT0GCAG7C TACCAAGaGA TCCTCACCAG 



45 



77 11 



iepr.in 2,47,6.9, 102 comprising the nucueic acid sequence 
(SEQ. ID NO; 2$) : 

i V* ^ "WAGA. \ V ^ i \~ 

i ^ - - " N "7 7 u atgavc, 

„ <x 

"AC < , - ~ TAG ',< „ - 

- : 7. i x I \\ NXVS * * hACCT 

27; gca , v :ACGGG: GX * - ga ;g 

301 VAG,t. - - x - , ,„ — 

3l>.l AGGCTACTCC A ' ' A . AGGCCCTGGG CAGGCTGCAG GGGTCGCTGC 

401 acgaa'Ataga ( ; rr ccaagacacg ctgasg'TGc 

23 ,7 necls - ac 1 incod ng glycosi a tec' 
leptin 47,69,102 comprising the nucleic acid sequence 
ISm, ID NO; 31} ; 

1 TGC x n*s(. AAAGTCC AG CV * n , > KOAQAhl 

51 G.'A'-VGAvx - " ,G ~ G 'A 'A, ^ . - 



^....l-lt/^/AAA. mAAGACGAGA; TGGCCCCGAG C AGGCCGCAG GGGGAG 
71 GA ' AGGOAGCG AAAGA GAGA fG< 



24. A nucleic acid encoding glycosylated 
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201 TAGGAATTCC X - v ^ GCCAAAGATC CGGCCACGTG GAGAAC 

3Q1 GCGAATOOOA CGCAGAGCTG' GGACAGGCOG GGGAGTGGCG TGGAAG 
3 SI AG G C T A CTC C ACACAGGGGG TGGC CC""G A G CAGGGTGGAG GGGTCO 

10 - 

25. A nucleic acid en.cGdi.ng glycosylated, 
lectin 47 .. 6.9, 92. . 102 comprising the nucleic acid 
15 ceguers.ee CSEQ. ID NOt 35 5: 

.1 GGGCCC AGGC AAAAAGTCCA AGAAGACACC AAAACCGTGA GCAAGA,' 
■Gi GGTCAGGAGG ACCAATGAGA TrTC^OVXr CA'KC'C^^ wv^m 

20 ' ■ " ' ' ' 

ug \ rc cga gcaag"< 



40.1 AGGACAGGGT CCGGCAGCGG GAGCGGAGGC CCCCGTOC 

3 5 ?a \ vectoi conta ; Lng a nucle < acid 

encoding a glycosylated lop tin protein according to any 
of claims 19-25. 

27. A vector according to claim 26 which is 
an err,:: esc ion vector. 
40 28. A host cell containing a nucleic acid 

AG < <r- - v > ein aecerdi) 

or claims 1-6, 

29 , A host cell of claim 2 3 selected iron- 
among prokaryotic and eakaryotic cel. is, . 
45 3D. A prokaryotic "host cell of claim 29 

v;h :. a a ag a fo a c t e r 1 a .'. c e 2 1 . 
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'n'ot:- Up;: Ct. 
is selected from among inanaaal'ian cells, yeast ceils, 

32. A j^awnali&r, Most cell according to claim 
5 ^ s ' " - ^ ' * / " , ><.-.- - 

cells and CHO cells, 

33. A method of preparing a protein 
according to any of claims 1-6 comprised of: 

{a; cui tuning a ceil containing a nucleic 
iO acid encoding said glycosylated leptin protein under 
sai t a.b 1 - -end: ti< cm * o> erne ressit - and 
(hi obtaining said protein. 

34. A pharmaceutical composition for 
pre cerai nje< mtravenot. b « on, 

.5 subcutaneous injection, intrathecal administration, 
nasal administration, pulmonary administration, and 
osmotic pump administration comprising a glycosylated 
leptin protein according to any of claims 1-18 in a 
pharmaceutical iy acceptable carrier, 

S 35, A method of treatment of a human for a 

tic vi o £ i >< t } 

high blood lipid consent effects; 

sain method comprising administer inn an 
effective amount of a glycosylated human leptin 

5 a; c - iing 5 any of a • « 1 t 

36. A method of treatment according r.o claim 
35 wherein said ^ - amount, of said glycosylated" 
human leptin is administered by gene therapy, 

37. A selective binding molecule which is 

0 selective for a glycosylated leptin protein according 
to any of claims 1-6 . 
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38. A selective binding Molecule of claim 37 
hi < s sei ct< ere among a x a 4 b c a 

monoclonal antibody, and a recombinant antibody, 

39. A method of manufacturing a glycosylated 

{&}cul Curing, under suitable conditions for 

encoding, in the 5' to 3* direction ;i} a signal 
peptide, and iix] a DNA encoding a glycosylated ieptln 
protein; end 

(to obtaining said glycosylated ieptln 
protein, 

40. A method of claim .19 wherein said signal 
peptide ie selected from among; 

a} iSECb ID NO: 3} (native human leptin signal 
peptide? mviGT iry.,c ftvqc 

;b; {SEQ . id NO: 4) {modified human leptin 
sig 1 pepcid m tlcgfl - r ss 

(e) (SEQ. ID NO ; 5} (modified human leptin 
-c v peer: do » 

;d) {SEQ. ID HO: 6s (modified human leptin 
s i < , a. i p ep tide) v y LFYVS P A 

ie) (SEQ, ID NO; ?) (modified daman leptin 
sig v riCCd SNS 

if) (SEQ. id NO: 8) (native human PC si anal 
Pi P d. h 1KRGLCCC 

(g) (SEQ. ID KOi 9} (native human tPA sionai 
p ep t . de } KDAyKRGLCCV L LLCCA v F vs ; p 

(h) (SEQ. ID NO: 10 } (modi fled tPA si cnal 
pep" i d< » NJAPkIoC ; py: LtlCAVFVCCC 

(i) (SEQ, ID NO 11} (modified CPA sio/nal 

i suu„. ^ i: or 

{ j } (SEQ . ID NO: 1 2 } ( Leptin / 1 PA s igns X 
v VEiLT dGAlTVg " 
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* tSEQ : HC t ntvn P ; mal 

1 tCVL LLCGl 

servm : insulin,, von Oil lehrand ; s f actor, CDHa, 

IgG, foil is tat. in, intrinsic factor, G-CSF, 

'32. -\ improved to nod f. ii 15 hacturing a 

{ai cul taring, under suitable conditions for 
1 1 n a ( st < < taining a 

15 DMA sequence encoding, in the 5 f to 3 s direction ii) a 
signal peptide, and (ii) a mm encoding a glycosylated 
protein; and 

(b) obtaining said glycosylated protein; 
wkex si > < > t i v. j ] 

20 $ i da having pe dase < I »&va 3 05 2 c i 
Lycos Xation. of i - ts - 

<i"3 - The improved method of •.: lain 42 where 
said peptidase cleavage site is selected, from, among 
SPS, SP, SKS, and SPA. 
2S 44. A method of claim 39 or 42 which 

45, a nucleic acid encoding a signal peptide 
having a non -natural ly j peptidase cleavage 

site, 

30 46. A vector containing a nucleic acid 

encoding a signal peptide having a non -viators] ly 
c t n • j s| i iass : le o ag 

47, A vector according to claim 4 6 which is 
an enures i vecu ;• :. 
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^ dost N -~ :onta ning- a xm.c acid 
encoding a signal peptide having a noa-aia tonally 
occur ring peptidase cleavage site, 

49, A host cell of claim 48 selected from 
5 among prokaryotic and eukaryotic ceils, 

30 *\ prekar/ocic o el.] of : air 40 
which is a bacterial cell, 

51, A eukaryotic host cell of claim 19 which 
is selected from among mammalian ceils, yeast cells, 

10 and insect cells. 

52, A mammalian host cell according tar claim 
51 selected from among hemes ceils, monkey cells, BHK 
cells and CMC cells. 
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' } eplir > ng/kg. 400u 
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